This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the apphcant. 

Defects in the images may include (but are not limited to); 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP. BOTTOM OR StDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SK.EVVED/SLANTED TMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BUNK (uspro) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(19) Worid Intellectual Property Organizatioii 
ImemationaJ Bureau 

(43) International Publication Date (10) loteniatiooal Publication Number 

13 June 2002 (13.06.2002) PCX WO 02/46193 A2 



(51) Istemational Patent Classificatioo^: C07D 471/04. 
A61K 31/437, A61P 35/00, 31/12 // (C07D 471/04, 
235:00, 221:00) 

(21) lotcmatioiial Applkatioo Number: PCT/USO 1/46704 

(22) iDtemationalFIUngDatc: 6December 2001 (06.122001) 

(25) Filiog Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/254,218 



8 December 2000 (08.1X2000) US 



(71) Applicant (for all designated States except US): 3M IN- 
NOVATIVE PROPERTIES COMPANY [USAJS); 3M 
Center, Post Office Box 33427, Sainc Paul. MN 55133- 
3427 (US). 

(72) Inventors; and 

(75) Inveotors/AppIicaDts (for US only): CHARLES, Leslie, 
J. [US/US]; 787 Larecn Lane, Hudson. WI 54016 (US). 
DELLARIA, Joseph, F. (US/US); 10423 Kilbimie Road, 
Woodbuiy. MN 55129 (US). GRIESGRABER, George, 
W. lUS/US] ; 631 Crimson Leaf Court, Eagan, MN 55123 
(US). HEPPNER, Philip, D. [US/US], 607D Woodduck 
Drive, Woodbuiy, MN 55125 (US). MANSKE, Karl, J. 
I fUS/US]; 4317 Wenlworth Avenue South, Minneapolis, 
MN 55409 (US). MICKELSON, John, W. [USAJS]; 
60887 Valley View BouJevaid, Mattawan. MI 4907 1 (US). 



RICE, Michael, J. [US/US]; 2460 Homestead Avenue 
North. Oakdale. MN 55128 (US). 

(74) Agents: HOWARD, MarySuaan et al.; Office of Intellec- 
tual Property Counsel. Post Office Box 33427, Saint Paul. 
MN 55133-3427 (US). 

(81) Designated States (national): AE, AG, AL, AM. AT. AT 
(utility model), AU. AZ, BA, BB, BG, BR. BY, BZ, CA, 
CH, CN. CO. CR, CU. CZ, CZ (utiUty model), DE, DE 
(utility model), DK. DK (utility model), DM. DZ, EC, EE, 
EE (utility model). ES. FI, R (utility model). GB. GD, GE, 
GH. GM, HR, HU, ID, IL, IN, IS, JP. KE, KG, KP, KR. 
KZ, LC, LK, LR. LS, LT, LU. LV. MA, MD, MG, MK, 
MN, MW, MX, MZ. NO, NZ, OM, PH. PL, PT. RO. RU. 
SD, SE. SG, SI SK. SK (uliUly model), SL, TJ, TM, TR, 
TT. TZ. UA, UG, US, UZ, VN. YU, ZA, ZM. ZW. 

(84) Designated SUtes (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ. SD, SL, SZ, TZ, UG, ZM. ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). 
European patent (AT, BE, CH, CY, DE, DK, ES, H, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR). OAPI patent 
(BF, BJ. CF, CG, CI, CM, GA. GN. GQ, GW. ML. MR, 
NE, SN. TD. TG). 

Published: 

— without iniernational search report and to be republished 
upon receipt of that report 

For two-leUer codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCTGazeUe. 



< 

ON 
1-H 

\0 " :: 

^ (54) Title: HETEROCYCLIC ETHER SUBSTITUTED IMTDAZOQUINOLINES 

n 

® (57) Abstract: Imidazoquinoline and icirahydroiraidazoquinoline compounds that contain ether and heiero^ 
O lionality al the 1-position are useful as immune response modifiers. Hie compounds and compositions of the invention can induce 
the biosynthesis of various cytokines and arc useful in the Ireaunent of a variety of conditions including viral diseases and neoplastic 
diseases. 




wo 02/46193 PCTAJSOl/46704 



Heterocyclic Ether Substituted Imidazoquinolmes 

Field of the Inventloii 
S This invention relates to itnl/iflyAqumnlinft compounds tiiat have ether and 

hetetocycle or heteroaiyl fimctionaUty at 4ie l-posidon, and to phannaceutical 
compositions containing such compounds. A fiiifter aspect of this invention relates to flie 
use of these conq>ounds as nmnonomodulators, for inducing cytokine biosynthesis in 
animal, and in the treatment of diseases, including viral and neoplastic diseases. 

10 

Background of tfie Invention 

The first reliable report on the l/f-imidazo[4,5-c]quinoliQe ring system, Backman 
ct al., J, Org. Chem . 15, 1278-1284 (1950) describes the synthesis of l-(6-methoxy-8- 
qiiinolinyl)i-2-methyl-l/r-imidazo[4,5-*c]quinoline for possible use as an antimalarial 

15 agent Subsequently, syntheses of various substituted l/f-imidazo[4,5^] quinolines were 
reported. For example, Jain ct al., J. Med. Chem. 1 1, pp. 87-92 (1968), synthesized the 
compound 1 -[2-(4-piperidyl)e&yl]-l/r-imidazo[4,5-c]quinoline as a possible 
anticonvulsant and cardiovascukr agent Also. Baranov et al.. Chem. Abs. 85. 94362 
(1976), have reported several 2-oxoimidazo[4,5-c]quinolines, and Berenyi et aL, L 

20 Heterocyclic Chem. 18, 1S37-1540 (1981), have reported certain 2-oxoimidazo[4,5- 
cjquinolines. 

Certain l£r-imidazo[4,5-c]qu]nolin-4-amine8 and 1- and 2-substituted derivatives 
diereof were later found to be useful as antiviral agents, bronchodilators and 
immunomodulators. These are described in, inter alia^ U.S, Patent Nos. 4,689,338; 

25 4.698,348; 4,929,624; 5,037,986; 5,268,376; 5,346,905; and 5,389,640, all of which are 
incorporated herein by reference. 

There continues to be interest in die imidazoquinoline ring system. Certain IH- 
iniida2X)[4,5-c] naphthyridine-4-aniines, IH-imidazo [4,5-c] pyridin-4-amines, and IH- 
imidazo[4,5-c] quinoliii-4-ainines having an ether containing substituent at the 1 position 

30 are knowa These are described in U.S. Patent Nos. 5,268^76; 5,389,640; 5,494,916; and 
WO 99/29693. 
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There is a contmuing need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 

Summary of the Invention 

S We have found a new class of compounds that are useful in inducing cytokine 

biosynthesis in animals. Accordingly, this invention provides imidazo[4, 5-c]quinoline-4- 
amine and tetrahydroiinidazo[4, S-c]quinoline-4-amine compounds that have an ether 
containing substituent at the 1 -position. The compounds are described by Formulas (I), 
(II), (lEO and (IV), which are defined in more detail wi/?-^^ These compounds share tiie 

10 general structural formula 




wherein X. Ri, Ra, and R are as defined herein for each class of compounds having 
1 5 Fomiulas (I), (II), (01) and (IV). 

The compounds of Formulas (I), (11), (HI), and QV) are useful as immune 
response modifiers due to their ability to induce cytokine biosynthesis and otherwise 
modulate tiie immune response when administered to animals. This makes die compounds 
useful in the treatment of a variety of conditions such as viral diseases and tumors fljat are 
20 responsive to such changes iii die immune response. 

The invention further provides pharmaceutical compositions containing the 
immune response modifying compounds, and methods of inducing cytokine biosynthesis 
in an ftTiimfll^ treating a viral infection in an animal, and/or treating a neoplastic disease in 
. an animal by administering a compound of Fomiula (I), (II), (IE), or (IV) to the animal. 
25 In addition, the invention provides methods of synthesizing the compounds of the 

invention and intermediates usefiil in the synthesis of these compounds. 
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Detailed Description of the Invention 

As mentioned eailier, we have foimd certain compomids fiiat mauce cytoldbxe 
biosynthesis and modify the immune response in animals. Such compounds are 
represented by Formulas (I), (II), (HI), and (TV), as shown below. 

Imidazoquinoline compounds of the mvention» which have ether and heterocyclyl 
or heteroaryl functionality at the 1-position are represented by Formula Q): 




(D 

wherein: X is -CHR3-, -CHRs-alkyl-, or -CHRs-alkenyl-; 
Ri is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl 

-R4- heteroaryl; and 

-R4r-hetenx:yclyl; 
R2 is selected from iht group consisting ofi 

-hydrogen; 

-aUcyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-aDcyl-Y-alkyl; 
-aBcyl-Y-alkcnyi; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
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-OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 

5 -CO-Ci-io alkyl; 

-CO-O-Ci-ioalkyl; 

-Nj; 

-aryl; 

-heteroaiyl; 

10 -heterocyclyl; 

-CO-aryl; and 
-CO-heteroaiyl; 

R4 is alkyl or alkenyl, which may be interrupted by one or more -O- 
15 groups; 

each R3 is independently H or Cmo aflqrl; 
each Y is independently -O- or -S(0)o.2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of C|.io 
20 alkyl, Cmo alkoxy, hydroxy, halogen and trifhioromethyl; 

or a phaxmaceutically acceptable salt ttieieof. 

The invention also provides imidazoquinoline compounds that contain edier 
functionality at the 1 -position, where the ether containing substituent also contains an 
25 alkynyl group and a heterocyclyl or heteroaryl group. These compoimds are represented 
by Formula (H): 



\ < 
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NH2 




5 wherein: Xis-CHRa-.-CHRj-alkyl-.or-CHRa-alkea^S 

Rio is selected from die group consisting of beteroaiyl and hetexocyclyU 
R2 is selected from fbc grotq) consistiiig of: 

-hydrogen; 

-alkyl; 

10 -alkenyl; 

-aiyl; 

-hetcToaiyl; 
-heterocyclyl; 
-aJkyKY-aDcyl; 
15 -alkyl-Y-alkenyl; 

-alkyl-Y-aryl; and 

-alk^ or alkenyl substituted by one or more substituents selected 
fiom the group consisting of: 

-OH; 

20 -halogen; 

-N(R,)2; 

-CO-N(R3)2: 

-CO-Ci-ioall^l; 

-CO-O-Cwoalkyl; 
25 :Nj; 

•heteroaiyl; 
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-heterocyclyl; 
-CO-aiyl; and 
^ -CO-heteroanyl; 
n is 0 to 4; 

5 each Rj is independently H or Cmo alkyl; 

each Y is independently -O- or -S(0)o-r; and 

each R present is independently selected firom the group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phazmaceutically acceptable salt fliereo£ 

10 

The invention also includes tetzahydroimidazoquinoline compounds that bear an 
ether and heterocyclyl or heteroaryl containing substituent at the 1-position. Such 
tetrahydroimidazoquinotine compounds are represented by Formula (III): 




15 



m 

wherein: X is -<:HR3-, -CHR3-alkyl-, or -CHRa-alkenyl-; 
Ri is selected from the group consisting of: 
-heteroaiyl; 
20 -hetBiocyclyl; 

-R4- heteroaiyl; and 
-Rr-heterocyclyl; 
Ri is selected fiom the group consisting of: 
-hydrogen; 
25 -alkyl; 

-alkeoyi; 
-aiyl; 



wo 02/46193 PCTAJSOl/46704 

-heteroaryl; 
-heterocyclyl; 
-alkyl^Y-alkyl; 
-alkyl-Y-alkenyl; 
5 -alkyl-Y-aryi; and 

- aOcyl or alkenyl substituted by one or moie substituents selected 
from die group consistmg of: 

-OH; 

-halogen; 

10 -N(R3)2; 

-CO-N(R3)2; 

-CO-Ci-ioalkyl; 

-CO-0<:Moalkyl; 

15 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-h^eroaiyl; 

20 R4 is alkyl or alkenyi, which may be inteirupted by one or more -O- 

groups; 

each R3 is independently H or Cmo aOcyl; 
each Y is independently -O- or -S{0)aa-; 
n is 0 to 4; and 

25 each R present is independently selected from the group consisting of Cmo 

aU^l, C|.io alkoxy, hydroxy, halogen and trifluoromediyl; 
or a pharmaceutically acceptable salt diereof. 
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An additional class of immune response modifying compounds of the invention are 
tetrahydroimidazoquinoline compounds diat have an ether containing substituent at die I - 
position, where the ether containing substituent also contains an alkynyl group and a 
heterocyclyl or heteroaiyl group. These compounds axe represented by Formula (TV): 




X-0— (CH2)i.io— C=CRio 



(TV) 

wherein: X is --CHRj-, -CHRj-alkyl-, or -CHRj-alkenyls 

Rio is selected from die group consisting of heteroaiyl and heterocyclyl; 
Ri is selected from die group consistini^\)£ 

-hydrogen; 

-alkyl; 

-aDcenyl; 

-aiyl; 

-heteroaryl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyUY-alkenyl; 
-aUcyl-Y-aryl; and 

• alkyl or alkenyl substituted by one or moro substituents selected 
from die group consisting o£ 

-OH; 

-halogen; 

-N(R3)2; 

-CO-Cuio allqrl; 
-CO-O-Ci.ioalkyU 
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-N3; 
-aiyl; 

-heteroaiyl; 
-hetcrocyclyl; 

5 -CO-aiyl; and 

-CO-heteroaxyl; 
each R3 is indqpendently H or Cmq aDQrl; 
each Y is independenfly -O- or -S(0)o^s 
nis0to4;aiid 

10 each R present is indq)endently selected fiom the group consisting of C|.io 

dSkyU C\.\Q alkoxy, hydroxy, halogen and tiifluoiometfayl; 
or a phannaceutically acceptable salt thereof. 

Preparation of the Compounds 

1 5 Compounds of tiie invention can be prepared according to Reaction Scheme I 

where R, R2, X and n are as defined above and Rn is alkyl substituted by a heteroaiyl 
group wherein the heteroaryl group may be unsubstituted or may be substituted as defined 
infra or Rn is substituted heteroaiyl as defined infra with the proviso tiiat if Ru is 
substituted heteroaiyl at least one substituent is a strong electron withdrawing group 

20 located orrAoor/Kira to die edier bond 

In Reaction Scheme I a 4-amino-li7-iniidazo[4y5-c]quinolin-l-yl alcohol of 
Fonnula X is alkylated with a halide of Formula XI to provide a l/f-iniidazo[4,S- 
f]quinolm-4-aniine of Fonnula Xn which is a subgenus of Formula I. The alcohol of 
Fonnula X is reacted with sodium hydride in a suitable solvent such as N»N- 

25 dimethyifonnamide to form an alkoxide. The halide is then added to the reaction mixture. 
The reaction can be carried out at ambiwit temperature or with gentle heating (-50*^ if 
desired. The product or a phannaceutically acceptable salt thereof can be isolated using 
conventional methods. 

Many compounds of Fonnula X are known, see for example Gerster» U.S. Patent 

30 No. 4.689,338 and Gerstor et aL, U.S. Patent No. 5.605,899, the disclosures of which are 
incorporated by reference herein; oflieis can readily be prepared using known synftetic 
routes, see for example, Andre et al, U.S. Patent No. 5,578,727; Gerster, U.S. Patent No. 
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5,175^96; Nikolaidcs et al., U.S. Patent No. 5,395,937; and Geister et al., U.S. Patent No. 
5,74 1 ,908, fte disclosiires of which are incorporated by reference hereia Many halides of 
Formula XI are commercidly available; others can be readily prepared using known 
synthetic methods. 

5 

Reaction Scheme I 




XI XII R^^ 



10 Compounds of tiie invention can also be prepared aoxiiniing to Reaction Scheme n 

where R, lU, Ru, X andn are as defined above. 

In step (1) of Reaction Scheme II the hydroxy group of a l/f-imidazo(4,5- 
c]quinolin-l-yl alcohol of Formula Xm is protected with a benzyl group. The alcohol of 
Formula XEH is reacted with sodium hydride in a suitable solvent such as N,N- 

15 dimethylforaiamidetofbnnanalkoxidc. The alkoxide is then alkylated with benzyl 
bromide to provide a compound of Formula XIV. The reaction can be carried out at 
ambient tempemture. Many compounds of Formula Xm are known, see for example, 
Gcrster, U.S. Patent 4,689,338; o&ers can readily be prepared using known syntiietic 
routes, see for example, Gerster et al., U.S. Patent No. 5.605.899 and Gcrster, U.S. Patent 

20 No. 5,175,296. 

Jn step (2) of Reaction Scheme H a compound of Formula XIV is oxidized to 
provide a l/f.imidazo[4,5-c]qumolme-5N-oxide of Formula XV using a conventional 
oxidizing agent capable of forming N-oxides . Preferably a solution of a compound of 
Formula XIV in a suitable solvent such as chloroform or dichloromcfliane is oxidized 

25 using 3-chloroperoxybenzoic acid at ambient temperature. 

In step (3) of Reaction Scheme H a lH-iniidazo[4,5-^]quinoline-5N-oxide of 
Formula XV is chlorinated to provide a 4<hloro-lH-imidazo[4,5-c]quinoline of Formula 



10 
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XVI. Preferably a solution of a compound of Fonnula XV m a suitable solvent such as 
toluene is treated with phosphorous oxychloxide at ambient temperature. 

In step (4) of Reaction Scheme II a 4-chloto-lff-imidazo[4^-c]quinoline of 
Formula XVI is reacted wifli phenol to provide a 4-phenoxy-lH-iniidazo[4,5-c]quinoline 
5 of Formula XVIL The phenol is reacted wifli^ium hydride in a suitable solvent such as 
diglyme to form a phenoxide. The phenoxide is flicn reacted at an elevated temperature 
with a compound of Formula XVL 

In step (5) of Reaction Scheme n the benzyl protectnig group is removed from a 
compound of Fonnula XVn to provide a 4-phenoxy-l/^imida2o[4,5-c]quinolin-l-yl 
10 alcohol of Formula XVIIL The reaction is preferably cairied out by adding triflic acid in a 
controlled fashion to a solution of a compound of Fonnula XVII in a suitable solvent such 
as dichlorometfaane at ambient temperature. 

In step (6) of Reaction Scheme n a 4-phenoxy-l/f-imidazo[4,5-c]quinolin-l-yl 
alcohol of Formula XVm is alkylated with halide Hal-Rn to provide a A-pheaoxy-lH- 
IS inudazo[4^-c]quinolin-l-yl ether of Formuk XK. The al^ 

Formula XVm is formed by adcUng the alcohol to abiphasic mixture of aqueous 50% 
sodhmi hydroxide and an inert solvent such as diddoromefliaiie m the presence of a phase 
transfer catalyst such as benzyltrimethlammonium chloride. The alkoxide is then 
alkylated. The reaction can be carried out at ambient temperature. 
20 In step (7) of Reaction Scheme n a 4-phenoxy-lfr-imidazot4,5-c]quinolin-l-yl 

eflier of Formula XEX is aminated to provide a li/:-nnida2o[4,5-c]quinolin^-amine of 
Formula Xn which is a subgenus of Formula L The reaction can be carried out by 
combining a compound of Formula XDC with ammonium acetate and heating the resulting 
mixture at -1 50**C. The product or a pharmaceutically acceptable salt thereof can be 
25 isolated using conventional methods. 
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Reaction Scheme U 




5 Tetrahydroimidazoquinoliiies of fhe invention can be prepared according to 

Reaction Scheme m where R, R2, Ri i . X and n are as defined above . 

In Reaction Scheme III a 4-amino-6J,8,9-tetrahydro-l/^imidazo[4,5-c]quinolin-l- 
yl alcohol of Formula XX is alkylated with a halide of Formula XI to provide a 6,7,8,9- 
tctiahydro-lif-iinidazo[4,5-c]quinolin-4-amme of Formula XXI which is a subgenus of 

12 
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Fonnula Dl. The alcohol of Formula XX is reacted with sodium hydride in a suitable 
solvent such as N,N-diinethylfonnainide to form an alkoxide. The alkoxide is then 
combined with the halide. The reaction can be carried out at ambient temperature. The 
product or a pharmaceutically acceptable salt diereof can be isolated using conventional 
S methods. 

Many tetrahydro-lif-iinida2o[4,5-c]quinolines of Formula XX are known, see for 
example, Nikolaides et aL, U.S. Patent No. 5,352,784; others can be prepared using known 
synthetic methods, see for example, Lindstrom, U.S. Patent No. 5,693,8 1 1 ; ttie disclosures 
of which are incorporated by reference herein. 

10 

Reaction Scheme m 




1 5 Compounds of the invention can be prepared according to Reaction Scheme IV 

where R, R2, X and n are as defined above and R12 is a heteroaryl group which may be 
unsubstituted or substituted as defined infra. 

In step (1) of Reaction Scheme IV a l/f-imidazo[4,5-c]quinolin-l-yl alcohol of 
Formula Xm is alkylated with a hialide of Formula XXII to provide a lH-imidazo[4,5- 

20 c]qutnolin-l-yl ether of Formula XXm. The compound of Formula Xm and &e halide of 
Formula XXU are combined m a biphasic mixture of 50% aqueous sodium hydroxide and 
a suitable solvent such as dichloromethane in the presence of a phase transfer catalyst such 
as benzyltrimethylammonium chloride. The reaction can be run at ambient temperature. 
In step (2) of Reaction Scheme IV a l£f-imidazo[4,S-c]quinoliiie of Formula XXm 

25 is oxidized using flie method of step (2) of Reaction Scheme II to provide a IfT- 
imidazo[4,S-c]quinoline-5N-oxide of Formula XXIV. 
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In step (3) of Reaction Scheme IV a l//-imidazo[4,5-c]qumoline-5N-oxide of 
Fonnula XXIV is reacted with trichloroacetyl isocyanate to provide a lfr-iinidazo[4»S- 
c]qmnolin-4-yl acetamide of Fonnula XXV. Preferably the isocyanate is added in a 
controOed fiishion at ambient temperatuie to a solution of die SN-oxide in a suitable 

S solvent such as dichloromeAane. 

In step (4) of Reaction Scheme IV a l/f-nxddazo[4,S-c]quinolin<4-yl acetamide of 
Fonnula XXV is hydxolyzed to provide a I/f-imidazo[4,5-c]qumolin-4-amine of Formula 
XXVL The hydrolysis can be carried out by conventional methods preferably by treating 
a solution of a compound of Formula XXV in meftanol widi sodium methoxide. 

10 In step (5) of Reaction Scheme IV l//-imidazo[4,5-clquinolin-4-amine of Formula 

XXVI is coupled with a halide of formula Hal-Ru using a transition metal catalyst to 
provide a lH-imidazo[4,S-c]quinolin-4*amine of Formula XXVH which is a subgenus of 
Formula EL Preferably a compound of Fonnula XXVI is combined with the halide in the 
presence of copper (I) iodide, dichlorobis(tripheixylphosphine)palladium(II), and excess 

15 trietfaylamine in a suitable solvent such as N^-dimethylformamide or acetonitrile. The 
reaction is preferably carried out at an elevated temperature (dO-SO'^C). The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional mediods. 

20 



25 



30 
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Reaction Scheme IV 




Compounda of the inveDtion can be prepared according to Reaction Scheme V 
where R, R2, Rn, X and n are as defined above and BOC is /ert-butoxycarbonyL 



15 
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In step (1) of Reaction Scheme V the amino group of a l/f-imidazo[4,5-c]quinolin- 
4-amine of Fonnula XXVI is protected with /err-butoxycaibonyl groups. A compound of 
Fonnula XXVI is combined with di-/ert-butyl dicaibonate in a suitable solvent such as 
NJN-dimethylfonnamide in the presence of 4-(dimetfaylanuno)pyridine and triefliylamine. 

5 The reaction is canied out at an elevated temperatuze (80-8S*X]). 

In step (2) of Reaction Scheme V a protected l/f-imidazo[4^-c]quinoIin-4-aniine 
of Fonnula XXVm is coi^)led with a halide of fonnula Hal^Ru using a transition metal 
catalyst to provide a protected lH-imidazo[4,S-c]quinolin-4-anune of Fonnula XXDC 
Preferably a compound of Formula XXVm is combined witii the halide in tiie presence of 

10 copper (I) iodide, dichlorobis(triphenylphosphine)palladium(II), and excess triettiylamine 
in a suitable solvent such as N^-dimethylformamide or acetonitiile. The reaction can be 
carried out at ambient temperature or at an elevated temperature (40-80"C). 

In step (3) of Reaction Scheme V the protecting groups are removed by hydrolysis 
under acidic conditions, to provide a l/f-imidazo[44-c]quinolin-4-araine of Fonnula 

15 XXVn which is a subgenus of Formula n. Preferably a compound of Formula XXDC is 
treated with trifluoroacetic acid in a suitable solvent such as dichloromethane. The 
reaction can be run at ambient temperature or at a reduced temperature ((K). The product 
or a pharmaceutically acceptable salt tiieieof can be isolated using conventional methods. 
In step (4) of Reaction Scheme V ^ alkyne bond of a protected l/f-inndazo[4,5- 

20 c]quinolin-4-amine of Formula XXDC is reduced to provide a protected l/f-imidazo[4y5- 
c]quinolin-4-amine of Formula XXX. Preferably, the reduction is carried out using a 
conventional heterogeneous hydrogentation catalyst such as platinum oxide, platinum on 
carbon or paUadiimi on carbon. The reaction can conveniently be carried out on a Parr 
apparatus in a suitable solvent such as metiianol. 

25 In step (5) of Reaction Scheme V the protecting groups of a compound of Formula 

XXX arc removed in tiie same manner as in step (3) to provide a lff-imida2o(4^- 
c]quinolin-4-amine of Fonnula XXXI which is a subgenus of Formula I. The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional mediods. 
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R12 

Compounds of the invention can be prepared according to Reaction Scheme VI 
where R, R2, Ru, X and n are as defined above and CBZ is benzyloxycarbonyL 

In step (1) of Reaction Scheme VI the amino groiq> of a l/^hnidazo[4,5- 
c]quinolin-4-aniine of Formula XXVI is protected with benzyloxycarbonyl groups. A 
compound of Formula XXVI is combined with dibenzyl dicarbonate in a suitable solvent 
such as N J^-dimediylfomianiide. The reaction can be carried out at ambient temperature 
or witii mild heating (4(rC). 

In step (2) of Reaction Scheme VI a protected l^-tmidazo[4,S-c]quino]in-4-amine 
of Fonnula XXXn is coupled with a halide of formula Hal-Ru using a transition metal 
catalyst to provide a protected l£r-imidazo[4,S-c]quinolin-4-amine of Formula XXXID. 
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Preferably a compound of Formula XXXII is combined with the halide in tiie presence of 
copper (I) iodide, dichlorobis(tnphenylphosphine)palladium(II), and excess triediylamine 
in a suitable solvisnt such as NyK-dimethylfoxmaxnide or acetonitrile. The reaction cin be 
carried out at ambient temperature or at an elevated temperature (40-80*C). 

In step (3) of Reaction Scheme VI die protecting groups are removed by hydrolysis 
to provide a l/f-imidazo[4,5-c]quinolin-4-anune of Formula XXVn which is a subgenus 
of Fonnula IL Preferably a compound of Fomula XXXm is treated with sodium 
me&oxide in a suitable solvent such as methanol. The reaction can be run at ambient 
temperature. The product or a phaxmaceutically acceptable salt thereof can be isolated 
using conventional methods. 

In step (4) of Reaction Scheme VI the protecting groups of a compound of 
Formula XXXni are removed by hydiogenolysis and the aUcyne bond is reduced to 
provide a l//-imida2o[4,5-c]quinolin-4-aniine of Formula XXXI which is a subgenus of 
Formula I. Preferably, the hydrogenolysis/reduction is cainefl out using palladia 
hydroxide on carbon. The reaction can conveniendy be carried out on a Parr apparatus in 
a suitable solvent such as meOanol. The product or a pharmaceutically acceptable salt 
thereof can be isolated using conventional methods. 
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Reaction Scheme VI 




Compounds of the invention can be prepared according to Reaction Scheme Vn 
where R, Ri, R2, X and n are as defined above. 

In step (1) of Reaction $cheme Vn a 2,4-dichloro-3-nitroqumoline of Formula 
XXXIV is reacted with an anune of Fonnula R1-O-X-NH2 to provide a 2-chlon>-3- 
mtroqumolm-4-amine of Fonnula XXXV. The reaction can be carried out by adding the 
amine to a solution of a compound of Fonnula XXXIV in a suitable solvent such as 
cUorofonn or dichloromediane and optionally heating. Many quinoUnes of Fonnula 
XXXIV are known or can be prepared usmg known synthetic methods (see for example, 
Andre et al.. U.S. Patent No. 4^88,815 and references cited thcrem). 
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In step (2) of Reaction Scheme Vn a 2-cUoro-3-nitroquinolin-4-aminc of Foimula 

XXXV is reduced to provide a 2-cIiIoroquinoline-3,4-diainine of Formula XXXVL 
Preferably, the reduction is carried out using a conventional heterogeneous hydrogenation 
catalyst such as platinum on carbon or palladium on carbon. The reaction can 

S conveniendy be carried out on a Pair apparatus in a suitable solventsuch as isopropyl 
alcohol or toluene. 

In step (3) of Reaction Scheme Vn a 2-chloioquinoline-3,4-diamine of Formula 

XXXVI is is reacted with a carboxylic acid or an equivalent diereof to provide a 4-chIon>- 
ltf-imidazo[4,5-clquinoline of Formula XXXVIL Suitable equivalents to carboxylic acid 

10 include orthoesters, and 1,1-dialkoxyaIkyl alkanoates. The carboxylic acid or equivalent 
is selected such that it will provide the desired R2 substituent in a compound of Formula 
XXXVIL For example, triethyl orthoformate will provide a compound where R2 is 
hydrogen and triethyl orthoacetate will provide a compound where Rj is metiiyl. The 
reaction can be run in the absence of solvent or in an inett solvent such as toluene. The 

1 5 reaction is run with sufficient heating to drive off any alcohol or water formed as a 

byproduct of the reaction. Optionally a catalyst such as pyridme hydrochloride can be 
included. 

Alternatively, step (3) can be carried out by (i) reacting the diamme of Fonnula 
XXXVI witii an acyl halide of Formula R2C(0)a and ften 00 cyclizmg. In part (i) the 

20 acyl halide is added to a solution of die ^^latniuft in an inert solvent such as acetonitrile, 
pyridine or dichloromethane. The reaction can be carried out at ambient temperature. In 
part (u) the product of part (i) is heated in an alcoholic solvent in tiie presence of a base. 
Preferably the product of part (i) is refluxed in etiianol in die presence of an excess of 
triethylamine or heated witii methanolic ammonia. Alternatively, if step (0 has been run in 

25 pyridine, step (ii) can be cioried out by heating the reaction mixture after analysis indicates 
that step (i) is complete. 

In step (4) of Reaction Scheme Vn a 4-chloro-l/r-imidazo[4,5-c]qumoline of 
Formula XXXVn is aminated to provide a ltf-iinidazo[4,S-c]quinolin-4-aaune of 
Formula 1. The reaction is carried out by heating (e.g.,12S-17S*'C) a compound of 

30 Formula XXXVn under pressure in a sealed reactor in fte presence of a solution of 

ammonia in an alkanol. The product or a pharmaceutically acceptable salt diereof can be 
isolated using conventional methods. 
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Reaction Scheme Vn 




Compounds of flie invention can be prqmred accoiding to Reaction Scheme Vm 
where R, Ru Ra* X andnare as defined above. 

in Reaction Scheme Vm a l/f-inudazo[4,5-c]quinolin-4-amine of Fomiuh 
XXXVm is alkylated witii a halide of Foimula XXXDC to provide a lir-inudazo[4,5- 
c]quinolin-4-am£Qe of Formula L The compound of Formula XXXVni is reacted with 
sodium hydride in a suitable solvent such as N^-dimethylformamide. The halide is then 
added to the reaction mixture. The reaction can be carried out at an elevated temperature 
(-10(rC). Alkylation occurs at both the and the nitrogens; however, the desired 1- 
isomer can be readily separated from the 3-isomer using conventional techniques such as 
column chromatogr^fay and recrystallization. 

Many li2'-imidazo[4,S-c]quinol]n-4-amines of Formula XXXVm are known; 
otiiers may be prepared using known synthetic methods, see for example, Gerster, U.S. 
Patent No. 5,756,747 and the references cited dierein. 
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Reaction Scheme Vm 




5 Compounds of the invention can be prepared according to Reaction Scheme DC 

where R, Ri R2, X and n are as defined above. 

In step (1) of Reaction Scheme K a 4-nitrotetiazolo[l,5-a]qumolin-5-ol of 
Foimuk XL is cUorinated to provide a 5<hloro-4-nitrotetrazolo[l,5-a]quinolm^ 
Formula XLL Conventional chlorinating agoits can be used. Prefeiably die reaction is 
- 1 0 carried oiit using phosphorus o^^chloride in a suitable solvent such as N J^- 

dimethylformamide. 4-Nittotetrazolo(l^-a]qumolin-5-ol8 of Formula XL are known or 
can be prepared using known synthetic metiiods (see for example, Gerster, et al., U.S. 
Patent No. 5,741 ,908 and references cited tiierein). 

In step (2) of Reaction Scheme DC a 5-chloro-4-nitrotetrazolo[l,5-a]qumoline of 
15 Formula XLI is reacted with an amine of Formula R1-O-X-NH2 to provide a4- 

nitrotetrazolo[l,5-a]quinolm-5-amine of Formula XLH. The reaction can be carried out by 
adding the amine to a solution of a compound of Formula XLL in a suitable solvent such as 
dichloromethane in the presence of trietiiylamiiie. 

In step (3) of Reaction Scheme DC a 4-mtrotBtrazolo[1.5-a]quinolin-5-amine of 
20 Formula XLII is reduced using flie mefliod of step (2) in Reaction Scheme Vn to provide a 
tBtnaolo[l,S-a]quinol]n-4,S^diamine of Fomiula XUIL 

In step (4 ) of Reaction Scheme DC a tetrazolo[l3-a]quinolin-4,5-diamine of 
Formula XUn is cyclized uamg fte method of step (3) in Reaption Scheme VH to provide 
a 6/f-imidazo[4,5-c]tBtrazolo[l,5-a]quinoline of Formula XUV. 
25 In step (5) of Reaction Scheme DC a 6H-imidazo[4,5-c]tetrazx)lo[l ,5-fl]quinolinc of 

Formula XUV is reduced to provide a li/-imida2o[4,5-c]quinolin- 4-amine of Formula L 
Stq> (5) involves (0 reacting a compound of Formula XUV with triphenylphosphine and 
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then (ii) hydrolyzing. Part (i) can be carried out by combining a compound of Formula 
XLIV with tiiphenylphosphine in a suitable solvent such as i;2-dichlorobenzene and 
heatmg. Part (ii) involves hydrolysis of the product from part (i). The hydrolysis can be 
carried out by conventional methods such as heating in the presence of water or a lower 
alkanol optionally in flic presence of a catalyst such as an alkali metal hydroxide or lower 
alkoxide. The product or a pharmaceuticaDy acceptable salt fliereof can be isolated using 
conventional mefliods. 

Reaction Scheme DC 




Tetrahydroimidazoquinolines of the invention can be prepared according to 
Reaction Scheme X where R, R2, R12. X and n are as defined above. 

la step (1) of Reaction Scheme X a 4-amino-6,7,8>9-tetrahydio-lif-imidazo[4,S- 
cJquinoUn-l-yl alcohol of Formula XX is alkylated usmg the mefliod of Reaction Scheme 
m wifli a haUde of formula Hal-(CH2)Mo-CH3CH to provide a 6.7,8,9-tetrahydro.l^- 
imidazo[4,5-c]quinolin-4-amine of Formula XLV. 

In step (2) of Reaction Scheme X a 6,7,8,9-tBtrahydro-l/f-nnida2o[4,5-c]quinolin- 
4-amine of Formula XLV is coupled using the method of step (5) of Reaction Scheme IV 
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with a halide of Fonnula Hal-Rn to provide a 6J,8,9-tetialiydro-lif-imidazo(4,5- 
c]qui]K>lin-4-aixii]}e of Fonnula XIIV which is a subgenus of Fonnula IV. The product or 
a phannaceutically acceptable salt thereof can be isolated usfaig conventional mediods. 




10 Compounds of the Invention can be prepared according to Reaction Scheme XI 

where R, R], Ra. X and n axe as defined above. 

In step (1) of Reaction Scheme XI a 2,4-dihydroxy-3-nitro-6J,8,9- 
tetrayhydroquinoline of Fonnula XLVn is chlorinated to provide a 2,4-dichlon>-3-nitro- 
6,7,8^-tBtiayhydroquinoline of Fonnula XLVUI. Conventional chlorinating agents can be 

15 used. Preferably the reaction is carried out by combining a compound of Formula XLVn 
with phosphorous oxychloridc and then heating (55-65*H2). Compounds of Foraiula 
XLVn are known or can be prepared using known synthetic methods (see for example 
Nikolaides et al,. U.S. Patent 5,352,784 and references cited tficrein). 

In step (2) of Reaction Scheme XI a 2,4-dichloro-3-nitn>-6,7,8,9- 

20 tetrayhydroquinoline of Fonnula XLVm is reacted with an amine of Fonnula Ri-O-X- 
NHi to provide a 2-chloro-3-nitro-6,7.8,9-tetrahydioquinolin-4-amine of Fonnula XLDC 
The reaction can be carried out by adding the amme to a solution of a compound of 
Formula XLVm in a suitable solvent such as N,N-dimeAylfotmamide and heating (55- 
65^. 
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In step (3) of Reaction Scheme XI a 2-cUoro-3-nitro-6,7,8^-tetrahydroquinolin-4- 
amine of Formula XliX is reacted with phenol using the method of step (4) of Reaction 
Scheme II to provide a 2-phenoxy-3-nitro-6,7,8,9-tetrahydroquinolin-4-amine of Formula 
L. 

In step (4) of Reaction Scheme XI a 2-phenoxy-3-nitio*6,7,8,9-tetrahydroqainolin> 
4-amtiie of Fomula L is reduced using the method of step (2) of Reaction Scheme Vn to 
provide a 2-phenoxy-6,7,8,9-tetrahydroquinolin-3.4-diamine of Formula LL 

In step (5) of Reaction Scheme XI a 2-phenoxy-6,7,8,9*tetrahydroquinolin-3,4- 
diamine of Fomiula U is cyclized using the method of step (3) of Reaction Scheme Vn to 
provide a 4-phenoxy-6,7»8,9-tetrahydro-lff-imidazo[4,5-c]quinoline of Formula LEL 

In step (6) of Reaction Scheme XI a 4-pheQOxy-6,7,8,9-tetFahydro-l^- 
imidazo[4,5-c]quinolme of Formula LII is aminated using the method of step (7) of 
Reaction Scheme II to provide a 6,7,8,9-tetrahydro-lH-iinidazo[4,5-^]quinolin'4Hunine of 
Formula UL 
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The invention also provides novel conqx>unds usefiil as intennediates in the 
syndiesis of flic compounds of Fonnulas (I), (II), (HI), and (IV). These intemiediate 
compomida have flie structural Formulas (V) - (DQ and (XUV) described in more detafl 
below. 
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1 y-^ 



N 



X-O-Ri 



(V) 



wherein: X is -CHR3-, -CHRj-aUcyl-, or-CHR3-aIkenyls 



-(CH2)i-io-C=C-Rio; 
R2 is selected from the group consisting o£ 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkei^l; 
-allQrl. Y-aiyl; and 

- alkyl or alkenyl substitiited by one or moxe substituents selected 
from the groiQ) consisting of: 



Rj is selected from the group consisting of: 
-heteroaiyl; 
-heterocyclyl; 
-R4-heteroaryl; 
-RHieterocyclyl; and 



-OH; 
-halogen; 



-N(R3)2; 
-CO.N(R3)2; 
-CO-Ci.io alkyl; 
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<:0-0-Ci-ioalkyl; 

-N3; 

-aryl; 

-heteioaiyl; 
-heteiocyclyl; 
-CO-aryl; and 
"CO-heteroaiyl; 

R4 is allcyl or alkenyl, which xnay be iatenupted by one or more -O- 
groups; 

each Rj is independently H or Ci.toaU^l; 
Rio is heteroazyl or heteiocyclyl; 
each Y is independently -O- or -S(0)(w; 
n is 0 to 4; and 

each R present is independently selected fiom the group consisting of Cmo 
alkyU Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceuticaDy acceptable salt thereof. 

Another class of intennediates axe imidazoquinolme-4-phenoxy compounds of 
Formula (VQ: 




wherein: X is -CHR3-, -CHRj-alkyl-, or -CHRa-alkenyl-; 
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R] is selected fiom the group consisting of: 

-heteroaryl; 

-heteiocyclyl; 

-R4-lieteioaiyl; 
5 -Rr-heterocyclyl; and 

KCH33mo-(M:-Rm); 
R2 is selected fiom dfe group consisting of: 

-hydroger^ 

-alkyl; 

10 -alkenyl; 

-aiyl; 

-heteioaiyl; 
-hcterpcyclyl; 
-alkyl-Y-alkyl; 
15 -alkyl-Y- alkenyl; 

-allgrl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
fiom the group consisting of: 
-OH; 

20 -halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Cmo alkyl; 

-CO-O-Cmo alkyU 
25 -N3; 

-heteroatyl; 

-heterocyclyl; 

-CO-aryUaad 
30 -CO-heteroaxyl; 

R4 is alkyl or alkenyl, wfaichmaybe intenuptedby oneormore-O- 
groups; 
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each Rs is independently H or Cmo alkyl; 
Rio is heteroaiyl or heteiocyclyl; 
\ each Y is independently -O- or -5(0)o^; 

n is 0 to 4; and 

S each R present is independently selected from the group consisting of Cmo 

alkyl, Cmo allcoxy» hydros^, halogen and trifluoromeOyl; 
or a pharmaceutically acceptable salt tixereo£ 



Anotiier class of intermediate compounds is represented by Formula (VII): 




10 - 

(vn) 

wherein: ZisNHiorNOi; 

X is -CHR3-, -CHRa-alkyl-, or -CHRa-alkenyl-; 
Ri is selected from ikt group consisting of: 
IS -heteroaiyl; 

-heterocyclyl; 
-lU- heteroaiyl; and 
-Rr-hetBTOcyclyl; 
R4 is alkyl or aOcenyl, which may be interrupted by one or more -O- 
20 groups; 

each Ra is independency H or Cmo alkyl; 
n is 0 to 4; and 

each R present is independently selected from ^e group consisting of Cmo 
alkyU Ci.io alkoxy, hydroxy, halogen and trifluoromethyl; 
2S or a pharmaceutically acceptable salt thereof. 
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IS 



20 



Another class of intennediate compounds has the Fonnula (XLFV): 



-heteroaiy]; 

-hetexocyctyU 
-R4-hetBioaiyl; and 
-R4-heteE0cyclyl; . . > . . 

Ri is selected from the group consisting of: 
-hydiogei^ 
-aDcyl; 
-alkenyl; 
-aryl; 

-heteroaiyl; 
-hcteiocyclyl; 
-aDQTl-Y-alkyl; 
-aDcyl-Y- alkenyl; 
-alkyl-Y-aiyl; and 

• lall^i or alkenyl substituted by one or more substituents selected 
fiom die group consisting o£ 




(XLIV) 



wherein: 



X is -CHR3-, -CHRs^aHqfl-, or -€HR3-alkenyl-; 
Ri is selected from die groiq> consisting o£ 



-halogen; 

-N(Ri)i; 

-C0-N(Rj)2; 

-CO-Ci.ioalkyl; 

-CO-OCi-ioalltyl; 
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-N3; 

-heteroaiyl; 
-heterocyclyl; 

5 -CO-aiyU and 

-CO-heteroazyl; 

Ri is alkyl or alkeny 1, which may be intenupted by one or more -O- 
gioups; 

eachRa is independently H or CmobQ^; 
10 eachYisindependendy-0-or-S(0)o.r; 
n is 0 to 4; and 

each R present is independently selected fi:om the group consisting of Cmo 
alkyU Cmo alkoxy, hydroxy, halogen and trifhiorometfayl; 
or a phannaceutically acceptable salt ftereof . 



15 



20 



An additional class of intermediats compomids has the Fonnula (Vm): 




X-0~Ri 
(Vm) 



wherein: X is -CHR3-. -CHRa-alkyl-, or -CHRa-alkenyls 
Ri is selected from Ae group consisting of. ^ 
-heteroaiyl; 
-heterocyclyl; 
25 -R4- heteroaryl; and 

-Rr-heterocyctyl; 
R2 is selected from the group consisting o£ 
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-hydrogen; 
-alkyl; 
-aDcenyU 
-aryU 

5 -heteroaryl; 

-heteiocyclyl; 
-aJk^-Y-alkyl; 
-alkyi-Y-alkenyi; 
-all^l-Y-aiyl; and 

1 0 - alkyi or aOcenyl substituted by one or more substituents selected 

from the ffoisp consisting of: 
-OH 

-halogen; 
-N(R3)2; 

15 -CO-N(R3)2; 

-CO-Cuio allQrl; 

-CO-O-Ci.ioalkyl; 
-N3; 

20 -heteroaiyl; 

-beteiocyclyl; 
•CO-aiyl; and 
-CO-heteroaiyl; 

25 R4 is alkyl or alkenyl, which may be intemipted by one or more -0- 

groups; 

each Ra is independently H or C].ioalkyU 
each Y is independently -O- or -S(0)o<t-; 
n is 0 to 4; 

30 each R present is independently selected from the group consisting of Ci.io 

allQrl, Cmo aDcoxy, hydroxy, halogen and trifluoromethyl; and 
R7 is terr-but^ or ben2yl; 
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or a phannaceutically acceptable salt diereof. 

A finther class ofmtermediates are nnidazoqumolme-4-chloro compounds of ^ 
FonnulaCK) 




(K) 

wherein: Xis<lIR3-,-CHR3-all(yl-,or-^3IR3*-alk 
Ri is selected fiom &e group consistijQg of: 
-heteroaiyl; 
-heteiocycIyU 

betBToaiyl; and 
-R4-heten)cycIyl; 
R2 is selected fiom Ae group consisting o£ 
-hydrogen; 
-alkyl; 
-alkenyl; . 
-aiyU 

-heteroaiyl; 
•heterocyctyl; 
-alkyl-YHdkyl; 
-aO^I-Y-alkeo^; 
-aUcyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the grot^) consisting o£ 
-OHi 
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-halogen; 

-N(R3)2; 

-CO.N(R3)2; 

-CO-Cuio alkyl; 

-CO-O-Ci-io alkyU 

-N3; 

-aiyl; 

-heteroaiyl; 
-heteiocyclyl; 
-CO-aiyl; and 
-CO-heteroaiyl; 

R4 is alkyl or aUcenyl, which may be intemipted by one or more -O- 
groups; 

each Ra is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

each R present is independently selected fiom the group consisting of Cmo 
alkyU Ct-io alkoxy, hydroxy, halogen and trifluorometfayl; 
or a phannaceutically acceptable salt tfaeceof. 

As used herein, the terms "alkyl", "alkcnyr and the prefix "alk-" are inclusive of 
both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 
cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 20 carbon atoms, 
with alkenyl groups containing from 2 to 20 carbon atoms. Preferred groups have a total 
of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
have from 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopentyl, cyclohexyl, cyclopropylmethyl, and adamantyL 

In addition, the aDcyl and alkenyl portions of -X- groins can be unsubstituted or 
substituted by one or more substituents, which substituents axe selected from the group 
consisting of alkyl, alkenyl, aryl, hetexoaiyl, hetero^lyl, axylalkyl, heteroaiylalkyl, and 
heterocyclylalkyl. 
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The tenn "haloalkyr is inclusive of groups that are substituted by one or more 
halogen atoms, including perfluorinated groups. This is also tree of groins ttat include 
the prefix "halo-". Examples ofsuitafikhaloalkyl groups are chlorometiiyl, 
trifhiotomediyl, and the Uke. 

S The tenn **aiy r as used herein inchides caibocyclic aromatic rings or ring systems. 

Examples of aiyl groups inchide phenyl, napfati^I, biphei^l, fluorenyl and indenyl. The 
tenn "leteroaiyr includes aromatic rings or ring systems that contain at least one ring 
hetero atom (e.g., O, S, N). Suitable heteroaryl groups include fuoryl, diienyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindoIyl« triazotyl, pyrrolyU tetrazolyU imidazolyl, 

10 pyrazolyl, oxazolyl, tfaiazolyl, benzofiiranyl, bcnzothiophenyl, caibazolyl, benzoxazolyl, 
pyrimidinyl, quJnoxalinyl, benzimidazolyl, benzo&iazolyl, naphthyridinyl, isoxazolyl, 
isotfaiazolyl, quinazolinyl, purinyl, and so on. 

''Heterocyclyr* includes non-aromatic rings or ring systems that contam at least 
one ring hetero atom (e.g.» O, S, N) and includes Hie fully saturated and partially 

IS unsatunited derivatives ofanyofOe above mentioned heteroaryl groups. Exemplary 

heterocyclic groups include pynolidinyl, tetrBhydrofuranyl, morpholinyl, tfaiomorpholii^l, 
piperidinyl, piperazinyl, Oiazolidiiiyl, imidazolidinyl, isotfaiazolidinyl, and the like. 

The aryl, heteroaryl, and heterocyclyl groins can be unsubstituted or substituted by 
one or more substituents independently selected fi:om die group consisting of alkyl, 

20 aOcoxy, alkylthio, baloalkyl, baloalkoxy, haloalkyl^o, halogen, nitro, hydroxy, mercapto, 
cyano, carboxy, formyl, aiyl, aryloxy, arylthio, arylalkoxy, arylaDcyldiio, heteroaryl, 
heteroaiyloxy, heteroarylthio, heteroarylalkoxy, heteroaiylalkylthio, amino, alkylamino, 
diaflcylamino, heterocyclyl, hefterocycloaDcyl, alkylcarbonyl, aOcenylcarbonyl, 
aDcoxycaibonyl, haloalkylcaibonyl, haloalkoxycaibonyl, aDtyl^ocarbonyl, arylcarbonyl, 

25 heteroaiyicarbonyU axyloxycifrbonyl, hetcroaiyloxycaibonyl, aryldiiocaibonyl, 

heteroarylduocaibonyl, alkanoyloxy, aOcanoylthio, alkanoylamino, aroyloxy, aroyltfaio, 
aroylamino, alkylaminosulfbnyl, alkylsulfoiiyl, arylsulfonyl, heteroarylsulfonyl, 
ar^diazinyl, alkylsulfonylainino, alkylenesulfon^amino, aiylsulfonylamino, 
aiylalk^sulfisi^lanuno Jieteroaiylsulfoi^lai^^ heteroan^lsulfonylaxnino, 

30 aO^lcaibonylamino, aDcenylcarbonylamino, arylcaxbooylamino, arylalkylcaibonylamino, 
heteroarylcaxbonylamino, heteroarylalkylcaxboiiylamino, alkylaminocaibonylamino, 
alkenylaminocaibonylamino, arylaminocaibonylamino, aiyialkylaminocarbonyl. 
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heteroarylaminocaibonylamino, herteroaiylalkylaminocaibonylamino, but, in case of 
heterocyclyl, alkylcaibonyl, alkenylcarbonyl, haloalkylcarbonyl, aiylcaibonyl, 
heteroaiylcaibonyl, alkylthiocarbonyl, aiylthiocarbonyl, heteroarylcaibonyl, 
alkylammosulfonyl, alkylsulfonyl, aiylsulfonyl, and heteroaiylsulfonyl are not permitted. 
If any other groups are identified as being "substituted" or "optionally substituted", then 
fliose groups can also be substituted by one or more otfho above enumerated substituents. 

Certain substituents are generally preferred. For example, preferred beteroaryl 
groups include 2-pyridine, 3-pyridine, 4-pyridine, 2i)yrimidine, and S-pyrimidine. 
Preferably no R substituents are present (i.e.>n is 0). Preferred R2 groups include 
hydrogen, alkyl groups having 1 to 4 carbon atoms (i,e., methyl, efliyl, propyl, isqpropyl, 
n-butyl, sec-butyl, isobutyl, and cyclopropyhneftiyl), methoxyefliyl, and ethoxymethyl. 
One or more of these preferred substituents, if present, can be present in tiie compounds of 
the invention in any combination. 

The invention is inclusive of the compounds described herein in any of their 
pharmaceutically acceptable forais, including isomers (e.g., diastereomers and 
enantiomers), salts, solvates, polymorphs, and the like. In particular, if a compound is 
optically active, the invration specifically includes each of the compound's enantiomers as 
well as racemic mixtures of the enantiomers. 

Pharmaceutical Compositions and Biolo pcal Activity 

Pharmaceutical compositions of the invention contain a therapeutically effective 
amount of a compound of the invention as described above in combination with a 
pharmaceutically acceptable carrier. 

The term "a therapeutically effective amounf * means an amount of the compound 
sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
and/or antiviral activity. Alttiougji the exact amount of active compound used in a 
pharmaceutical composition of the invention will vary according to factors known to those 
of skill in the art, such as tiie physical and chemical nature of ^ compound, the nature of 
Oe carrier, and the intended dosing regimen, it is anticipated that die compositions of the 
invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about SO mg/kg, preferably about 10 |ig/kg to about S mg/kg, of the compound to die 
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subject Any ofUxe conventional dosage fonns may be used, such as tablets, lozenges, 
parenteral fonnulations, syrups, cieams, ointments, aerosol formulations, transdermal 
patches, transmucosal patches and the like. 

The compounds of the invention can be administered as the single therapeutic 
5 agent in die treatment regimen, or the compounds of the invention may be administered in 
combination widi one another or witfi oAer active agents, including additional Imtnunfi 
response modifiers, antivirals, antibiotics, etc. 

The compounds of the invention have been shown to induce the production of 
certain cytokines in experiments performed according to the tests set forth below. These 

10 results indicate that the compounds are useful as immune response modifiers that can 

modulate the iirmiune response in a number of different ways, rendering them useful in the 
treatment of a variety of disorders. 

Cytokines whose production may be induced by the administiation of compounds 
according to the invention generaDy include inteiferon-a (IFNhd^) and/or tumor necrosis 

15 factor-a CTNF-ct) as well as certain interleukins (IL). Cytokines whose biosynthesis may 
be induced by compounds of the invention include EFN-o, TNF-kx, IL-1, IL-6, IL-10 and 
IL-12, and a variety of other cytokines. Among otiier effects, these and other cytokines 
can inhibit virus production and tumor cell growth, maVing ^e compounds usefUl in the 
treatment of viral diseases and tumors. Accordingly, the invention provides a method of 

20 inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of tixe invention to tiie animaL 

Certain compounds of tiie invention have been found to preferentially induce tiie 
expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) without 

25 concomitant production of significant levels of inflammatory cytokines. 

In addition to fbt ability to induce the production of cytokines, the compounds of 
the invention affect other aspects of the innate immune response. For example, natural 
kiUer ceU activity niay be stimukted, an effect that rnay be due to cytokine induction. The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 

30 oxide and the production of additional cytokines. Further, the compounds may cause 
proliferation and differentiation of B-lymphocytes. 
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Compounds of the invention also have an effect on the acquired immune response. 
For example, although there is not believed to be any direct elEfect on T cells or direct 
induction of T cell cytoldnes» &e production of the T helper type 1 (Thl) cytokine IFN-7 
is induced indirectly and the production of the T helper type 2 (Th2) cytokines IL-4, 

5 and IL43 are inhibited upon administration of the compounds. This activity means that 
tfie compounds are useful in die treatment of diseases where upregulation of the Thl 
response and/or dowmegulation of tiie Th2 response is desired. In view of the ability of 
compounds of the invention to inhibit fhe Tb2 immune response, the compounds are 
expected to be useful in the treatment of atopic diseases, e.g., atopic dermatitis, asdmia, 

10 allergy, allergic rhinitis; systemic lupus exythematosis; as a vaccine adjuvant for ceU 
mediated immunity; and possibly as a treatment for recurrent fungal diseases and 
chlamydia. 

The immune response modifying effects of the compounds make them useful in 
tiie treatment of a wide variety of conditions. Because of their ability to induce the 

1 5 production of cytokines such as IFN-a and/or TNF-ot, flie conq>ounds are particularly 
useful in die treatment of viral diseases and tumors. This inmiunomodulating activity 
suggests &at compounds of die invention are useful in treating diseases such as, but not 
limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis 
B; Hepatitis C; Herpes Simplex Virus IVpe I and Type II; moUuscum contagiosun^ 

20 variola, particulariy variola major, rhinovirus; adenovirus; influenza; para-influenza; HIV; 
CMV; VZY; intraepithelial neoplasias such as cervical intraepithelial neoplasia; human 
papillomavirus (HPV) and associated neoplasias; fbngal diseases, e.g. Candida, aspergillus, 
and cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, hairy cell 
leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous 

25 leukemia, multiple myeloma, melanoma, non-Hodg^^s lymphoma, cutaneous T-cell 
lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis camii, 
ctyptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, and 
leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions that can be treated using the compounds of the invention 

30 include actinic keratosis; eczema; eosinophilia; essential dnombocythaemia; leprosy; 
multiple sclerosis; Ommen's syndrome; discoid lupus; Bowen's disease; Bowenoid 
papulosis; alopecia areata; the inhibition of keloid formation after surgery and other types 
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of post-surgical scars. In addition, these compounds could enhance or stunulate flie 
healing of wounds, including chronic wounds. The compounds may be useful for treating 
&e oppoitumstic infections and tumors Aat occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

5 An amount of a compound effective to induce cytokine biosynthesis is an amount 

sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokines such as, for example, IFN-o, 
TNF-o, IL-1, IL-6, IL-10 and IL-12 fliat is increased over the background level of such 
cytokines. The precise amount wiUvaiy according to factors known in the art but is 

10 C3q)ected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jigOcg to 
about 5 mg/kg. The invention also provides a method of treating a viral infection in an 
animal and a method of treating a neoplastic disease in an animal comprising 
administering an effective amount of a compound or composition of the invention to die 
animal. An amount effective to treat or inhibit a viral infection is an amount that will 

1 5 cause a reduction in one or more of the manifestations of vital infection, such as viral 

lesions, viral load, rate of virus production, and mortality as compaiiBd to untreated control 
animals. Tlie precise amount will vary according to factors known in the art but is 
expected to be a dose of about 100 ng/kg to about SO mg/kg, preferably about 10 )ig/kg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 

20 amount that will cause a reduction in tumor size or in the number of tumor foci. Again, 
the precise amount will vary according to factors known in die art but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to about 5 mg/kg. 

The invention is further described by the following examples, which are provided 
for illustration only and are not intended to be limiting in any way. 

25 

In the examples below some of the compounds were purified using semi- 
preparative HPLC. Two different meAods were used and they are described below. Bofli 
methods used a A-lOO Gflson-6 equipped with 900 Series Intelligent Inter&ce. The semi- 
prep HPLC fractions were analyzed by LC-APCI/MS and the appropriate fractions were 
30 combined and lyophilizod to provide the trifluoroacetate salt of the desired compound. 
Me&odA 
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Column: column Microsorb CI 8, 21.4 x 250 mm, 8 micron particle size, 60A pore; 
flow late: 10 mL/min.; gradient elution &om 2-95% B in 25 min., hold at 95% B for 5 
min., where A«0.1 % trifluoroacetic acid/water and trifluoioacetic 
acid/acetonitrile; peak detection at 254 nm for triggering fraction coUectioa 
Me&odB 

Column: Phenomenex CapceU PakClS, 35 x 20 wim, s micron particle size; flow 
rate: 20 mL/min.; gradient elution from 5-95% B in 10 miTiti hold at 95% B for 2 min., 
where A»0,1 % trifluoroacetic acidAvater and B'=0.1% trifluoroacetic acid/acetonitrile; 
peak detection at 254 nm for triggering fraction collection. 

Example 1 

l<2-{[3-(Isoquinolin-4-yl)-2-propynyl]oxy}ethyl)-lif-imidazo[4,^ 




Part A 

2-(l/Mmidazo[4,5-c]quinolin-l-yl)-l-ethanol (28.5 g, 0.133 mol) was added in 
portions over a period of 1 hour to a mixture of sodium hydroxide (240 mL of 50%), 
dichloromethane (240 mL), propargyl bromide (39.6 g of 80%, 0.266 mol) and 
benzyitrimethylammoniuni chloride (2.46 g, 0.013 mmol). The resulting reaction mixture 
was allowed to stir at ambient temperature for 1 6 hours at which time the reaction mixture 
was homogeneous. The layers were separated. The aqueous fraction was extracted with 
additional dichloromethane. The organic fractions were combined, washed with water, 
dried over magnesium sulfate and then concentrated under reduced pressure. The 
resultiiigresidue was combined widi diethyl ether and &e mixture was allowed to stir. An 
orange solid was isolated by filtratioiL This material was reciystallized from ethyl acetate 
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to provide 19.8 g of 2-(l//-iimdazo[4,S-c]qumolin-l-yl)ettyl (2-propyiiyl) ether as a 
yellow ciystalline solid, m.p. 124-126%. 

Analysis. Calculated for CisHiaNsO: %C, 71.70; %H, 5.21; %N, 16.72. Found: %C. 
71.85; %H. 5.25; %N. 16.90 
5 *H NMR (300 MHz, DMSO) 5 921 (s, 1 H), 8.44 (m, 1 H), 8.36 (s, IH), 8.18 (m, 1 H), 
7.71 (m, 2 H), 4.93 (t. J = 5.1 Hz, 2 IQ. 4.14 (d, J = 2.4 Hz, 2 H). 3.98(t, J«5,l Hz,2H), 
335(t,J = 2.2H2,lH) 

HRMS(ESI) calcd for C15H14N3O (MH*) 252.1 137, found 25^1 141 
Parte 

10 2-(l//-Imidazo[4,5-c]quinolin-l-yl)ethyl (2-propynyI) etfaer (19.7 g, 78.4 mmol) 

and chlorofonn were combined and then cooled to 0%. 3-Chloroperoxybenzoic acid (15.7 
g of 57-86%) was added and the mixture was allowed to stir for 0.5 hour. The mixture 
was aQowed to warm to ambient temperature by which time aQ material was in solution. 
Analysis by thm layer chromatography CTLC) indicated that some starting material was 

1 S still present so niiore 3-chloropero3^benzoic acid (two separate 4 g portions) was added. 

About 0.5 hour after die second portion was added, TLC showed no starting material. The 
reaction solution was extracted with 10% sodium hydroxide. The aqueous fraction was 
then extracted multiple times witii dichloromethane. The organic fractions were 
combined, dried over magnesium sulfate, filtered and then concentrated under reduced 

20 pressure to provide 1 8.5 g of 142-(2-propynyloxy)cthyl]-l/f-iniidazo[4,5-c]quinoline-5N- 
oxide as a yellow oil. 

HRMS(ESI) calcd for C15H14N3O2 (Mtt) 268.1086, found 268.1098 
Parte 

Under a nitrogen atmosphere trichloroacetyl isocyanate (1 5.5 g, 82.2 nunol) was 
25 added diopwise to a mixture of l-[2-(2-propynyloxy)eaiyl]-l/r-imida2o[4,5-c]quinoUne- 
5N-oxide (18.3 g, 68.5 mmol) and dichlorometiiane (300 mL). Vigorous carbon dioxide 
evolution was observed. After about 0.5 hour all of tiie material was in solution. The 
reaction solution was allowed to stir for about 1 hour at which time analysis by TLC 
indicated tiie presence of a small amount of starting material. More trichloroacetyl 
30 isocyanate (4.5 g) was added. After 1 hour, TLC analysis indicated that the reaction was 
' complete. The volatiles were removed under reduced pressure to provide N-{l-[2-(2- 
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propynyloxy)ethyl]-lJf-iimdazo[4,5-c]quinolm-4-yl}-2A2-tricUo as a pale 

yellow solid 

PartD 

Dichloiometfaane (150 mL) was added to a mixturc of &e solid from Part C and 
5 methanol (200 mL) and all of the material went into sohition. Sodimn methoxide (SO g of 
2S% in methanol) was added and the solution was allowed to stir at ambient temperatuxe 
overnight Theresultingprecipitate was isolated by filtration. The filtrate was 
concentrated to a volume of approximately 100 mL and a second crop of precipitate was 
isolated by filtration. The two crops were combined and dried in a vacuum oven at 6(fC 
10 for 16 hours to provide 16.4 g of l-[2-(2-propynyloxy)elhyl]-Lff-imidazo[4,S-<;]quinolin- 
4-amine as an ofiF-whitc solid, m.p, 225-22T*C. 

Analysis. Calculated for C|5H,4N40 (H20)i/4: %C, 66.53; %H, 5.40; %N, 20,69. Found: 
%C, 66.33; %H, 5.18; %N, 21.12 

NMR (300 MHz, DMSO) 5 8.13 (s, 1 H), 8.08 (br d, J = 7.8 Hz, 1 H). 7.62 (br d, J = 
15 8.3 Hz, 1 H), 7.44'(br t. J = 7.6 Hz, 1 H), 724 (br t, J = 7.5 Hz, 1 H), 6.54 (s, 2 H), 4.81 (t, 
J = 5.4Hz,2H),4.14(d.J = 2.4H2,2H). 3.93 (t,J = 5.1Hz,2H). 3.38 (t,J-2.4 Hz. 1 
H) 

HRMS(ESI) calcd for C1SH15N4O (MH*) 267.1246, found 267.1253 
PartE 

20 Under a nitrogen atmosphere l-[2-(2-propynyloxy)ethyl]-lfr-imidazo[4,5* 

c]quinolin-4-amine (16 g, 60.1 mmol), di-/er/-butyl dicaxbonate (32.7 g, 150 nunoI)» 
trietfaylamine (21 mL. 150 mol), N^N-dime&ylformamide (150 mL) and 4- 
(dimethylamino)pyridine (0.1 g) were combined and heated to 80-85®C. After about 1 
hour the mixture became homogeneous and TLC analysis indicated that very little starting 

25 material lemained. The solution was heated for an additional hour. The solution was 

diluted with ethyl acetate and water. The layers were separated and die aqueous firaction 
was extracted wift ediyl acetate. The organic fractions were combined, washed widi 
water and then wifli brine, dried over magnesium sul&te, filtered and dien concentrated 
under reduced pressure to provide a pale orange-yellow solid. This material was triturated 

30 with diethyl ether to provide 22.6 g of N.N-(bis ^e7t-butoxycazbonyl)*l-[2-(2- 

propynyloxy)ethyl]-l/f-imidazD[4,5-c]quinolzn-4-amjne as an off-^te solid, m.p. 139- 
142"C. 
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Analysis. Calculated forC25H3oN405:%C, 64.36; %H, 6.48; %N, 12.01. Found: %C, 
64.40; %H, 6.43; %N, 12.06 

'H NMR (3 00 MHz, DMSO) 5 8.44 (m. 1 H). 8.35 (s» 1 H). 8.08 (m. 1 H), 7.73 (m. 2 H), 
4.94(t,J = 4.9Hz,2H),4.12(d,J = 2.4Hz,2H),3.98(t,J = 5.1Hz,2H), 3.31(t,J = 2.4 
5 Hz,lH),1.34(s,18H) 

HRMS(ESI) calcd for C2SH31N4OS (MH*) 4672294, found 467.2307 
PartF 

Under a nitrogen atmosphere N,N-(bis fert-butoxycarbonyI>l-[2-(2- 
propynyloxy)ethyl]-li/-imidazo[4^-c]qumolm-4-aniine (LO g, 2.14 nunol), triethylamine 

10 (0.8 mL, 5.56 mmol) and N^N-dime&ylfotmaniide (25 mL) were combined and the 

resulting solution was heated to 80-85^. Dichlorobis(triphenylphosphine)palladium(II) 
(0.08 0.1 1 mol), coppei(I) iodide (0.04 g, 0.21 mmol) and 4-bromoisoquinoline (0.49 g, 
2.3 S mmol) were added. After 3 hours analysis by high perfoimance liquid 
chromatography (reverse phase widi an acetonitrile/water gradient) indicated ttat dse 

15 reaction was complete. The reaction solution was slowly poixr^ into water with vigorous 
stirring. A cream colored precipitate was isolated by filtration, washed wi& water and 
then dried in a vacuum oven (<40**C) for 16 hours to provide 1.21 g of N,N-(bis rcrt- 
butoxycaibonyl)-l-(2-{[3-(isoquinolin-4-yl)-2Tpropynyl]oxy}ethyl)-l/f-imidazo[4^- 
c]quinolin-4-amine. 

20 HRMS(EI) calcd for C34H35N5O5 (M*) 594.2716, found 594.2732 
PartG 

Under a nitrogen atmosphere, die material fiom Fart F was added in portions to a 
mixture of dichloromethane (5 mL) and trifiuoroacetic acid (5 mL). The resulting solution 
was allowed to stir at ambient temperature for 2 hours at which time TLC indicated the 

25 reaction was complete. The solvents were removed under reduced pressure. The residue 
was diluted with dichlbtome^iane/medianol (^/l) and 20% sodium hydroxide. The 
layers were separated. The aqueous fiaction was extracted with 
dichloromethane/metfaanol (^/l)- The organic fractions were combined, dried over 
magnesium sul&te, filtered and then concentrated under reduced pressure. The residue 

30 was purified by flash chromatography to provide 0.15 g of l-(2-{[3-(isoquinolin-4-yl>-2- 
propynyl]oxy}ethyl)-l//-iiiiidazo[4,5-c]quinolin-4-ainine as an oflf-white solid, m.p. dec > 
205^ 
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NMR (300 MHz, DMSO) 8 9.30 (s, I H), 8.43 (s, 1 H), 835 (s, 1 H), 8.19 (m, 2 H), 
7.88 (br d, J = 8.0 Hz, 1 H), 7.65 - 7.80 (m, 4 H), 7.60 (d, J = 8.3 Hz, 1 H), 7.49 (t, J = 7.8 
Hz, 1 H), 7.34 (t. J = 7,8 Hz, I H), 4.93 (t, J = 4.9 Hz, 2 H), 4.57 (8, 2 H), 4.14 (t, J = 5.1 
Hz,2H) 

HRMS(ESI) calcd for C24H19NSO (MH^ 394.1668, found 394.1669 

Example 2 

l<2-{[3-<13-Thia201-2-yl)-2-piopynylloxy}e%l)^ 
lH-imidazo[4,5-c]quinolin-4-amiiie 




PaitA 

Using ibe geneial method of Example 1 Part F, N,N-(bis rerr-butoxycaibonyl)-l- 
[2-(2-propynyloxy)ethyl]-lif-imidazo[4,5-c]qumolin-4-amme (LO g, 2.14 mmol) was 
reacted with 2-bromothiazoIe to provide 0.97 g of N,N-(bis /er/-butoxycaxbonyl)-I-(2-{(3- 
(l,3-diiazol-2-yl)-2-propynyl]oxy}eti[iyl)-l/f-imidazo[4,5-c]quinoli^ as a glassy 

yellow solid. 
MS (CI) 550, 450, 350 
PartB 

Using file gpneial method of Example 1 Part G»tfiematBrialfiom Part B was 
hydxolyzed to provide 0.1 1 g of l-^-{[3-(13-tfaiazol-2-yl)-2-pxopynyI]oxy}etfayl)-lfr- 
imidazo(4,5-c]quinolin-4-amine as a white solid, m.p. 157-159%. 
Analysis. Calculated for C18H15N5OS • (HjO)^: %C, 61.09; m 4.42; %N, 19.79. Found: 
yoC, 61.06; %H. 4.37; %N, 19.53 
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'H NMR (500 MHz, DMSO) 5 8.18 (s, 1 H), 8.1 1 (d. J = 7.9 Hz, I H). 7.89 (dd, J = 17.7, 
2.9 Hz, 1 H), 7.62 (d. J = 7.9 Hz, 1 H), 7.43 (t, J « 7.5 Hz. 1 H), 723 (t, J = 7.5 Hz, 1 H), 
6.64 (s, 2 H), 4.83 (m, 2 H), 4.50 (s, 2 H), 4.01 (m, 2 H) 
HRMS(EI) calcd foi CibHisNsOS (M*) 349.0997, found 349.0988 

Example 3 

l-{243Klfl^Pytazol-4-yl)propoxy]c%l}-lH-imidazo[4,5-^^^ 




PartA 

NJ^-<biarert-butoxycarbonyl>l-[2-(2imjpynyloxy)e%l]-l/f-^ 
c]quinoliii-4-azxuiie (2.25 g, 4.82 xnmol), trietfaylamine (1.34 mL, 9.64 mmol), 4- 
iodopyrazole (1 .02 g, 5.30 mmoQ and anhydrous acetonitiile (40 mL) were cembined. 
l^trogen was bubbled tiuougb the resulting solution for 10 minutes. 
DichIorobis(triphenylphosphine}pal]adium(II) (68 mg, 0.096 mol) and coppei(I) iodide 
(37 mg, 0.192 mmoQ were added and the solution was heated to 40**C. After 1 hour 
analysis by HPLjC (reverse phase) indicated that no reaction had taken place. The reaction 
solution was heated to about 90''C. After 4 hours analysis by HPLC indicated that the 
reaction was complete. The volatiles were removed under reduced pressure. The residue 
was purified by flash chromatography (9/1 dichloromethane/methanol) to provide 1.2 g of 
N J^f^bis tert-butoxycarbonyl)-K2- {[3-(l/r-pyrazoM.yl)-2-p^^^ 
unidazo[4,5-c]quinolin^axnine as a white solid. 
PartB 

The material fiom Part A was combined wifli meflianol (~20 mL) and catalyst 
(025 g of 10% palladium on carbon). The mixture was hydrogenated for 4 hours at which 
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time analysis by reverse phase LC-MS indicated reduction to the alkene and the alkane. 
More catalyst (0^5 g) was added and die mixture was hydrogenated for 2 days at which 
time LC-MS indicated one product with no starting material or alkene. The mixture was 
filtered and die filtrate was washed with methanol. The solution was concentrated to give 

S a solid. This material was purified by flash chromatography (9/1 

dichloromedmne/meAaiioI) to provide 0.9 g of N,N-<bis /er/-butoxycaibony])-l-{2-[3- 
(llf-pyrBZol'4-y%ropoxy]ethyl}-li7-imidazo[4,S-c]quinolin-^ as a white solid. 

NMR (300 MHz, DMSO) 812.43 (br s, I H), 8.48 (br d. J = 7.1 Hz. 1 H), 837 (s, IH), 
8.08 (br d, J = 7 J Hz. 1 H), 7.72 (m, 2 H). 7.30 (br s, 1 H), 7. 14 (br s, 1 H), 4.92 (t. J = 4.9 

10 Hz, 2 H). 3.88 (t, J « 4.9 Hz. 2 H), 2.22 (t, J = 7.8 Hz. 2 H), 1.56 (m. 2 H), 1.31 (a. 18 H) 
MS (EI) 537, 437, 337 
Parte 

Under a nitrogen atmosphere trifluoroacetic acid was added to a mixture of N^*- 
(bis tert-butoxycarbonyl)- 1 - {2-[3-(l/f-pyrazol-4-yl)propoxy]ethyl} -l/f-imidazo[4,5- 

1 5 c]quinolin-4-amine (6.5 g, 0.93 mmolj and dichloromethanc (5 mL). The resulting 

solution was allowed to stir for 16 hours at which time analysis by LC-MS indicated that 
the reaction was complete. The solvents were removed under reduced pressure. The 
residue was dissolved in efliyl acetate (~10 mL) and triethylamine (2 mL) was added. A 
precipitate formed and the reaction mixture was allowed to stir for 2 hours. The solid was 

20 isolated by filtration and flien it was purified by flash chromatography (9/1 to 8/2 
dichloromethane/medianol) to provide 0.18 g of l-{2-[3-(lff-pyrazo-4- 
lyl)propoxy]efliyl}-lff-imidazo[4.5-c]qu]nolia-4-amine as a white solid. m.p. 163-169^. 
Analysis. Calculated for CiaHjoNfiO • (CF3C02H)o.i5 %C, 62.18; %H. 5.75; %F, 2.42; %N, 
23.77. Found: %C, 61.86; %H. 5.70; %F, 2.52; %N, 23.44 

25 *H NMR (300 MHz, DMSO) 5 12.50 (br s, 1 H), 8.20 (s, 1 H), 8.15 (d, J = 8.3 Hz, 1 H), 
7.66 (d, J « 8.3 Hz, 1 H). 7.49 (t, J = 7.6 Hz, 1 H), 7.29 (t. J = 7.6 Hz, 1 H), 7.15 - 7.40 (br 
'8,2H), 7.00 (br 8, 2 H), 4.81 (t, J = 4.6 Hz, 2 H), 3.84 (t, J = 4.6 Hz, 2 H), 3.34 (t. J = 6.1 
Hz, 2 H). 2.27 (t. J = 7.6 Hz, 2 H), 1 .60 (m, 2 H) 
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Example 4 

l-[2-(3-Pyrimidin-2-ylpropoxy)e%ll-l/r-iinidazo[4,5^^ 




PaitA 

5 Under a nitrogen atmosphere diben^l dicaibonate (50 & 174 mmol) was added to 

a mixture of l-t2<2-i)ropynyIoxy)etiQrl]-lfr-inuda2ol4,5-^]qm (16.4 g, 61,6 

mmoO and anhydrous N J^-dimethylformamide (200 mL). The reaction mixture was 
allowed to stir at mbicnt temperature for 16 hours and flie re^ 

homogeneous. The reaction mixture was partitioned between e&yl acetate and water. The 
10 layers were separated. The aqueous layer was extracted with ethyl acetate. The organic 
ftactioDS were combined, washed with water, washed with brine, dried over magnesium 
sulfate, filtered and then concentrated under reduced pressure to provide a semisoKd. This 
material was triturated with diethyl e&er to provide 27.4 g of N,N-(bis 
benzyloxycarbonyl>l-[2-(2-propynyloxy)ethyl]-l/f-imi^ as a 

15 white solid. 
Parte 

NJ^KBisbcnzyloxYcarbonyl>l-[2<2-propynyloxy)e%l]4i/-u^ 
c]qumolin-4.amine (LOO & 1.87 mmol). anhydrous acetonitrfle (10 mL), triethylamine 
(0.68 mL, 4.86 mmol), and 2-bromopyriraidine (0.327 g, 2.06 mmol) were combined. 

20 Under a nitrogen atmosphere copper (I) iodide (0.014 g) and 

dichlorobis(triphcnylpho8phine)paUadium(II) (0.026 g) were added. The reaction mixture 
was maintained at ambient temperature for 15 minutes and then heated to 80^ for 1.5 
hours. The reaction mixture was diluted with ethyl acetate and water. The aqueous Uyer 
was separated and then extracted with ediyl acetate until no UV materials remained in flie 

25 aqueous layer. The organic fractions were combined, washed wifli aqueous sodium 

bicarbonate and brine, dried over magnesium sulfate, filtered and then concentrated under 
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reduced pressure. The residue was purified by column chromatography eluting with 98/2 
ethyl acetate/methanol to provide 0.68 g of a mixture of the mono and di 
benzyloxycarbonyl protected l-{2-[(3-pyrimidiii-2-ylprop-2-ynyl)oxy]ethyl}-lff- 
unidazo[4,5H:]quiiiolin-4-amine. 
5 'H NMR (300 MHz. DMS0-d6) 5 8.78 (d, J- 4.9 Hz, 2 H), 8.49 (m, 1 H), 8.45 (s, 1 H), 
8.12 (m, 1 H), 7,73-7.78 (m. 2 H), 7.50 (t, J=4.9 Hz. 1 H). 7.23-7.28 (m. 6 H), 7.14-7.17 
(m, 4 H), 5.20 (s, 4 H), 5.02 ft 7= 5.0 Hz, 2 H). 4.51 (s, 2 H). 4.10 (t. 7- 5.0 Hz, 2 H), 
MS (CI) for C35H28N5O5 miz 613 (MH*), 569. 461, 345 
Parte 

10 The material from Part B, palladium'hy<lro^<l« (0-25 g of 20% on carbon) and 

methanol (25 mL) were combined and hydrogenated at 47 psi (3.3 Kg/cm^) for 3 hours at 
ambient temperature. The reaction mixture was allowed to stand over the weekend at 
which time analysis indicated the presence of some product widi protected amine groups. 
The reaction mixture was filtered to remove ttie catalyst and the filtrate was treated with 

15 sodium me&oxide (1 mL of 25% in methanol) for about 16 hours to remove the protecting 
groups. The reaction mixture was concentrated under reduced pressure. The residue was 
purified by colunm chromatography eluting widx 1/1/1 ethyl acetate/methanol/hexane to 
provide 0235 g of a solid. This material was stiixed with hot toluene and dien filtered to 
remove insoluble materials. The filtrate was concentrated under reduced pressure. The 

20 residue was triturated with isopropanol and elfayl acetate to provide 61 mg of l-[2-(3- 
pyrimidin-2-ylpropoxy)ethyl]*lJ7-iinidazo[4.5-c]quinolin-4-arrune as a solid, m.p. 126- 
12T'C. 

Analysis. Calculated for C19H20N6O: %C. 65.5; %H, 5.79; %N, 24.12. Found: %C. 
65.65; %H, 5.78; %N, 24.15 
25 *H NMR (300 MHz, DMS0-d6) 5 8.66 (d, /= 4.7 Hz, 2 H), 8.14 (s. 1 H), 8.08 (d, J « 8.0 
Hz. 1 H). 7.62 (d, y = 8.2 Hz, 1 H). 7,45 (t. 7= 7.0 Hz, 1 H). 724-7.31 (m. 2 H), 6.58 (s, 2 
H). 4.77 (t. y = 4.7 Hz, 2 H), 3.84 (t,y= 4.5 Hz. 2 H), 3.42 (t. 7= 6.2 Hz. 2 H), 2.82 (t, J« 
7.5HZ.2H), l,89(m,2H) 

IR(KBr) 3302, 3187. 2868, 1637, 1561, 1418, 1139 cm'' 
30 HRMS (EI) calcd for C19H20N6O (M*) 348.1699, found 348.1700. 
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Example S 

l-[2-(3-P>Tidin-4-ylpropoj^)e%l]-l/f-imidazo[4,5-c]qm^ 




\ 



PartA 

5 Using the general method of Example 4 Part B N;^-(bis benzyloxycaibonyl)-l-[2- 

(2-propynyloxy)e%l]-l^-imidazo(4^-c]quinoIm-4-aminc (2.00 g, 3.74 mmol) was 

reacted witii 4-bromopyridine (0.8 g, 4.12 mmol) to provide 1.47 g of a mixture of mono 

and dibenzyloxycaibonyl protected l-{2-[(3-pyridin^^ 

imida2o[4,5-c]quinolin-4-amine. 
10 *H NMR (300 MHz. DMS0-d6) 5 8.46 (m. 3 H). 8.43 (s. I H), 8.12 (m, 1 H). 7.72-7.76 

(m, 2 H), 722-7.28 (m, 5 H), 7.14-7.17 (m. 6 H), 5.18 (s. 4 H), 5.00 (t, 7= 5.0 Hz, 2 H), 

4,45 (s. 2 H). 4,12 (t. 7= 4.0 Hz, 2 H) 

MS (CI) for C36H29NJO5 m/z 612 (MH*), 568, 344 

PartB 

1 5 Palladium hydroxide (0.57 g of 20% on carbon) was added to a solution of the 

material fiom Part A in methanol (-10 mL). Hie mixture was hydrogenated at 50 psi (3.5 
Kg/cm^) for 5 hours. More catalyst (0.07 g) was added and the hydrogenation was 
continued for anoflier hour. The reaction mixture was filtered to remove catalyst and the 
filter cake was thorou^y Washed with methanol. The filtrate was concentrated under 

20 reduced pressure. The residue was purified by column chromatography cluting with 6/3/1 
ethyl acetate/methanol/hcxane and then triturated witii dietiiyl etiier to provide a sobd. 
This material was further purified by column chromatography eluting with 9/1 
dichloromethanc/methanol with ammonium hydroxide to provide 020 g of l-[2-(3- 
pyridin-4-ylpropoxy)ediyl]4H-irmdazo[4,5-c]quinolin-4-amine as a solid, m.p. 160- 

25 162^C. 
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Analysis. Calculated for C20H21N5O: %C, 69.14; %H. 6.09; %N, 20.16. Found: %C, 
69.17; %H, 6.09; %N, 19.79 

*H NMR (300 MHz, DMSO-d6) 5 8.29 (dd, J= 2.6. 1.8 Hz, 2 H), 8.1 8 (s, 1 H), 8.1 1 (d, J 
- 8.2 Hz, 1 H), 7.62 (dd, /= 7.1, 1.4 Hz, 1 H), 7.45 (dt, J= 6.9, 1.7 Hz, 1 H), 7.23 (dt, /= 
5 6.7, L3 Hz, 1 H), 6.91 (dd, /= 4.4, 1.3 Hz, 2 H), 6.62 (s, 2 H), 4.81 (t, 5.0 Hz, 2 H), 
3.82 (t, y « 5.0 Hz, 2 H), 2.38 (t, /= 7.6 Hz, 2 H), 3.28 (t, 7- 6.1 Hz, 2 H), 1.64 (m, 2 H) 
IR (KBr) 3418, 3100, 1698, 1595. 1531, 1094, 767 ot^ 
HRMS (EO calcd for C20H21N5O (M*) 347.1746, found 347,1747 

10 Example 6 



15 prop>nayIoxy)cthyl]-li/-imida2D[4,5-c]quinolm-4-amine (2.5 g, 4,68 mmol), anhydrous 
acetonitrile (20 mL), triethylamine (1.7 mL, 12.2 mmol), and 2-biomopyridine (0.5 mL, 
5.14 mmol) were combined and Ihe resulting homogeneous mixture was heated to 40%. 
Copper (I) iodide (0.036 g) and dichlorobi6(tripheiiylphosphine)palladium(n) (0.066 g) 



20 and aqueous sodium bicaxbonate. The organic fraction was washed with brine, dried over 
magnesimn sul&te and flien concentrated under reduced pressure. The residue was 
purified by column chromatography eluting widi 1/9 hexane/eftyl acetate to provide 0.9 g 
of a mixture of mono and di benzyloxycarbonyl protected l-{2-[(3-pyridin-2-ylprop-2- 
ynyl)oxy]ethyl}-l/f-imidazo[4,5-c]quinoljn-4-aniine. 



l-[2*^3-I^din-2-ylpropoxy)ethyl]-li7-imidazo[4,S-c]quinoIin-^ 




PaitA 



Under a nitrogen atmosphere N,N-(bisbenzyloxycarbonyl)-l-[2-(2- 



wereadded. After 18.5 hours the reaction mixture was partitioned between e&yl acetate 
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*H NMR (300 MHz, DMS0-<i6) 5 8.50-8.54 (m, 2 H), 8.44 (s, IW), 8.12 (m. 1 H), 7.71- 
7.77 (m, 3 H), 7.34-7.39 (m, 1 H), 7.23-7.29 (m. 7 H). 7.14-7.17 (m. 4 H). 5.19 (s. 4 H). 
5.01 (t, y = 4.6 Hz. 2 H), 4.46 (s, 2 H). 4.10 (t, J = 4.8 Hz. 2 H) 
MS (CI) for C36H29N5O5 m/z 612 (MH*), 568, 460 
5 PartB 

Palladium hydroxide (0.776 g of 20% on carbon) was added to a solution of the 
material from Part A in methanol The mixture was hydrogenated at 45 psi (3.2 Kg^cm^) 
for 2.5 hours. The reaction mixture was filtered to remove catalyst and die filter cake was 
thoroughly washed wiA methanol The filtrate was concentrated under reduced pressure 

10 to provide a glassy solid. This material was triturated with diethyl ether and hexane 

containing a small amount of toluene. The resulting powder was isolated by filtration and 
dried at 78°C overnight in a vacuum oven. This material was fiirther purified by column 
chromatography eluting with 9/1 dichlorometibane/metiianol with a few drops of 
ammonium faydroxide to provide 25 mg of l-[2-(3-pyridm-2-ylprop<»ty)eflqd]-lff- 

13 imidazo[4,S-c]quiiiblin^aiiiine as a solid, in.p. 138-140*C. 

Analysis. Calculated for C2oH2iNsO«CHiO)us:%C. 68.43; %H, 6.15; %N. 19.95. Found: 
%C, 68.47; %H, 5.95; %N, 19.63 

'H NMR poo MHz, DMSO-d6) 5 8.41 (d, J= 4.4 Hz, 1 H). 8.16 (s, 1 H), 8.10 (d, J= 7.7 
Hz, 1 H), 7.63 (d, y - 8.4 Hz, 1 H), 7.54 (dt, /= 9.7, 1 .7 Hz, 1 H). 7.43 (t, 7= 7.3 Hz. 1 
20 H), 724 (t, y = 7.5 Hz, 1 H). 7.13 (t, J= 5.5 Hz, 1 H). 6.93 (d, 7= 7.6 Hz, 1 H). 6.59 (s. 2 
H), 4.77 (t, y= 5.1 Hz, 2 H). 3.82 (t, /= 5.5 Hz, 2 H). 3.34 (t, 7= 6 J Hz, 2 H), 2.57 (t, J= 
7.3 Hz, 2 H), 1.75 (m. 2 H) 

IR (KBr) 3361, 3302, 3188, 1638. 1526, 1119. 751 cm^' 

HRMS (EO calcd for CioHjiNjO (M*) 347.1746, found 347.1747. 
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Example 7 

l-{2-[3-(13-Thiazol-2-yl)propoxy]ethyl}-l//-imidazo[4,5-c]qui^^ 

■J' 





5 PartA 

Under a nitrogen atmosphere N|N-(Bi8ben2yloxycaibonyl)-l*[2-(2- 
propynyloxy)ethyl]-lH-imida2o[4,5-c]qumolin-4-amine (3.25 g, 6.08 mmol), anhydrous 
N»N-dimethylfoimamide (1 5 mL)^ tnethylamine (2.2 mL, 15.8 mmol) and 2- 
bromothiazole (0.6 mL, 6.69 mmol) were combined and heated to 80^. Copper (I) iodide 

10 (0.046 g) and dichlorobis(triphenylphosphine)palladium (0) (0.085 g) were added. After 
2 hours the reaction was stopped and the solvent was removed. The crude product was 
purified by column chromatography eluting with 8/2 etl^l acetate/hexane to provide -2 g 
of a mixture of mono and di benzyloxycaibonyl protected l-(2-{[3-(l,3-tiiiazol-2'yl)prop- 
2-yn:^]oxy}ethyl)-l/f-imidazo[4^-<]quinolin'4-amine. 

15 'H NMR (300 MHz, DMS0-d6) S 8.47-8.50 (m» 1 H), 8.44 (s, 1 H), 8.1 1 (m, 1 H), 7.89 
(d, y = 3.2 Hz, 1 1^, 7.85 (d, 3.3 Hz, 1 H), 7.3 1-7.77 (m, 2 H), 123-12% (m. 6 H), 
7.14-7.17 (m. 4 H), 5.20 (s, 4 H), 5.00 (t, J= 5.0 Hz, 2 H), 4.52 (s, 2 H), 4.09 (t, J= 5.5 
Hz,2H) 

MS (O) for C24HbN505S miz 618 (MH^, 475, 466 
20 PartB 

Palladium hydroxide (-2 g of 20% on carbon) was added to a solution of the 
material from Part A in medianol. The mixture was hydrogenated at 45 psi (32 Kg/cm^) 
for 3 hours. More catalyst (0.3 g) was added twice and the hydrogenation was continued 
for a total of -25 hours. The reaction mixture was filtered to remove &e catalyst The 
25 filtrate was concentrated under reduced pressure to provide 1.3 g of mono 

benzyloxycarbonyl protected l-{2-[3-(l,3-thiazol-2-yl)propoxy]ethyl}-l/f-imidazo(4,5- 
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c]quiiiolm-4-amine. This material was combined with methanol (5 mL) and sodium 
medioxide (25 mL of 25% in methanol). The resulting mixture was stirred for 3 days. 
The reaction mixture was concentrated under reduced pressure and then purified by 
column chromatography. The resulting material was triturated with diethyl ether and dried 
5 to provide 028 g of l-{2-[3Kl,3-aiiazol-2-yl)propoxy]e%l}-lH-imidazo[4^-clquino&^ 
4-amine as a solid, m.p. 134-135'X3. 

Analysis. Calculated for CisHwNsOS: %C. 61.17; %H. 5.42; %N, 19.81. Found: %C, 
61.20; %H, 5.23; N, %19.51 

*H NMR (300 MHz, DMS0-d6) 5 8.16 (s, 1 H), 8.10 (d, 7= 8.4 Hz, 1 H), 7.63 (m, 2 H), 
10 7.51 (d, y = 3.3 Hz. 1 H), 7.43 (t, 7- 7.1 Hz. 1 H). 723 (t, 7= 8.0 Hz, 1 H), 6.58 (s, 2 H), 
4 j9 (t, /= 4.7 Hz, 2 H), 3.84 (t. J= 4.8 Hz, 2 H). 3.4 (t. / = 6.0 Hz, 2 H), 2.86 (t. J= 7.8 
Hz,2H),1.83(m,2H) 

IR(KBr) 3458,3358, 3295, 3191, 1640, 1538, 1121.752 cm'* 
HRMS (EI) calcd for C18H19N5OS (M*) 353.1310, found 353.1308. 



20 PartA 

Under a nitrogen atmosphere NJJ-(bis te/t-butyoxycabon)d)-l-[2-(2- 
propynyloxy)ediyi]-lif-imidazo[4,5-c]quinoIin-4-aniine (1.75 g, 3.75 mmol), 3t 
iodopyridine (0.85 g, 4.13 mmol), triethylaminc (1.4 mL) and acetonitrile (15 mL) were 
combined and then heated to 60**C. Copper (I) iodide (0.03 g, 0.15 mraol) and 
25 dichlorobis(triphenylphosphine)palladium (II) (0.05 g. 0.075 mmol) were added. Tie 



15 



Example 8 . 

l-[2-(3-Pyiidin-3-ylpropo30f)ethyl]-lfr-imidazo[4,5-c]quinolin-4-an^ 
Bi8(triiluoroacetate) 
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reaction was complete after 30 minutes. The solvents were removed under reduced 
pressure. The crude product was purified by column chromatography (silica gel eluting 
first with dichloromethane and then with 98/2 dichloromethane/metbanol) to provide 126 
g of a mixture of di-BOC protected and unprotected l-{2-[(3-pyridin-3-ylprop-2- 

5 ynyl)oxy]ethyl}-l£r-imidazo[4,S-c]quinolin-4-amine. 

'H NMR (300 MHz. DMS0-d6) 5 8.54 (bs, 1 H). 8.44-8.48 (m, 2 H), 8.4 (s, 1 H). 8.06 
(m, 1 H), 7.69-7.73 (m, 2 H), 7.54 (d. 7 « 7.6 Hz, 1 H), 7.35 (m. 1 H), 4.99 (t, J= 4.8 Hz, 
2 H). 4.40 (s, 2 H), 4,09 (t. 5.0 Hz, 2 H), 1.31 (s, 18 H), 
MS (C::^ for C30H33N5O5 m/2 544 (MH*), 444, 344 

10 PartB 

A solution of the material bam Fart A in methanol was combined with catalyst 
(0.7 g of 10% palladium on carbon) and &e mixture was hydrogenated at 45 psi (3.2 
Kg/cm^) for 2 hours. The catalyst was removed by filtration and the filtrate was 
concentrated under reduced pressure to provide 0.67 g of a mixture of di-BOC protected 

1 5 and unprotected 1 -[2-(3-pyridin-3-ylpropbxy)ethyl]- l/^iniidazo[4,5-€]quinolin'4-amine. 
*H NMR (300 MHz, DMS0-d6) 8 8.50 (d, 7.3 Hz, 1 H), 8.39-8.486 (m, 2 H), 8,29 (s, 
1 H), 8.07 (d, J = 8.4 Hz, 1 H), 7.71-7.75 (m, 2 H), 7.46 (d, J= 8.5 Hz, 1 H), 7.31 (m, 1 
H), 4.94 (t. y = 4.6 Hz, 2 H), 3.88 (t, 7= 5.0 Hz, 2 H), 3.32 (t, 7= 5.9 Hz, 2 H), 2.38 (t, 7= 
7.5 Hz, 2 IQ, 1.63 (m, 2 H), 1.30 (s, 18 H), 

20 MS (CI) for C30H37N5O5 m/z 548 (MH*), 448, 348 
Parte 

Under a nitrogen atmosphere fbs material bom Part B was combined with 
anhydrous dichloromethane (5 mL) and trifluoroacetic acid (5 mL). The reaction mixture 
was stirred at ambient temperature for 1 hr. The solvents were removed under reduced 
25 pressure. The residue was triturated with diethyl ether, isolated by filtration and then dried 
in a vacuum oven to provide a tan solid This material WBS rcciystaUizcd first firan 
isopropyl alcohol and then from dichlorometfaane/metfaanol to provide 0.40 g of l-[2-(3- 
pyridin-3-ylpiopoxy)ediyl]-l^-iiiiidazo[4,S-c]qumolm-4-aiiiu>e bis(trifluoioacetate), in.p. 
134-136^. 

30 Analyoa. Calculated for C2oH2iNsO«(C2HF302)2«(HjO)i/2: %C, 50.08; %H, 4.23; %N, 
12.03. Found: %C. 49.87; %H, 3.82; %N. 12.16 
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'H NMR (300 MHz, DMSO-46) 8 9.00-9^ (bs. 2 H). 8.50 (s. 2 H), 8 J7 (d, 7 = 7.7 Hz, 1 
H), 7.82 (d, 7.4 Hz. 1 H), 7.73-7.75 (m, 2 H), 7.55-7.58 (m, 2 H), 4.90 (t, 4.9 Hz, 2 
H), 3.86 (t, 7= 4.8 Hz. 2 H), 3.35 (t. J= 6.1 Hz. 2 H). 2.49 (t. 7= 7.0 Hz, 2 H), 1.67 (m, 2 
H) 

5 IR (KBr) 3421. 3212. 2885, 1699, 1 199. 1 120, 720 cm^ 

HRMS (EI) calcd for C20H21N5O (M*) 347.1746, found 347.1743. 

Example 9 

l-[2-(3-Pyrinudm-5-yipropoxy)etbyl]-l/f-imi^^ 




PaztA 

Using the general method of Example 8 Part A, except that the reaction 
temperature was raised to 80*^, N,N-(bis fcrt-butyoxycabonyl)-l-[2-(2- 
propynyloxy)ethyl]-l/^iniidazo[4,5-c]qiiinolin-4-aniine (2.5 g, 5.36 mmol) was coupled 
15 with 5-bromopyrimidine (0.94 g. 5.89mmol) to provide 1 .59 g of N^-0>is tert- 
butoxycaibonyl>l -{2-[(3-pyrimdin-5-ylpr(>p-2-ynyl)oxy] -l/f-imidazo[4,5- 
c]quinolm-4-amine. 

'H NMR (300 MHz. DMSO-d6) 6 9.19 (s. 1 H). 8.64 (s, 2 H). 8.44-8.47 (m, 1 H). 8.40 (s, 
1 H), 8.02-8.06 (m, 1 H), 7.68-7.72 (m. 2 H). 4.99 (t, 7= 5.0 Hz, 2 H), 4.43 (s. 2 H). 4.10 
20 (t./=5.2Hz.2H).1.32(8,18H) 

MS (O) for Ci9H3jN«05 m/z 545 (MH*). 445, 345 
PaitB 

A methanol solution of flie material from Part A was combined with catalyst ( 5% 
platinum on caibon. palladium hydroxide and 10% palladium on caibon wer? used in 
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succession) and hydrogenated to provide 0.60 g of N^-(bis rcrt-butoxycaibonyl)-l-[2-(3- 
pyiin»idin-5-ylpropoxy)efliyl]-l//'-iimdazo[4,5-c]quinolin-4-ainine. 
•H NMR (300 MHz, DMS0-d6) 6 8.98 (a, 1 H). 8.48-8.52 (m, I H), 8.45 (s. 2 H). 8.40 (s. 
1 H), 8.06-8.09 (m, 1 H), 7.70-7.74 (m, 2 H). 4.94 (t. 7= 5.1 Hz, 2 H), 3.89 (t, /= 5.0 Hz, 
5 2 H), 3J4 (m, 2 H), 2J4 (t,y= 7J Hz, 2 H), 1.64 (m, 2 H), 1.29 (s, 18 H) 
MS (CI) for C29Qi«NsOi m/z S49 (MH*). 449. 349 
PaitC 

Using the general method of Exaoq>Ie 8 Part C, fbs material fiom PartB was 
Iqrdrolyzed to provide 0. 14 g of l-[2-(3i)yrimidin-5-ylpropo]iy)e<fayl]-lH-inudazo[4,S- 
10 c]quinoIin-4-amine,m.p. IS9-161*<:. 

Analysis. Calculated for C|^joN60«(C2HF302)i/io»(H20)i/4: %C, 63.27; %H, 5.70; %N, 
23 .06. Found: %C, 63.47; %H, 5 J5; %N, 22.88 

'H NMR (300 MHz, DMS0-d6) 6 8.98 (s, 1 H). 8.48 (s, 2 H). 8.19 (s, 1 H), 8.15 (d,y= 
8.0 Hz, 1 H), 7.63 (d, 7= 8.6 Hz, 1 H), 7.46 (t, 7 = 6.0 Hz, 1 H), 7.28 (t, /= 8.4 Hz, 1 H), 
15 6.79 (8, 2 H), 4.81 (t, J= 4.8 Hz, 2 H), 3.84 (t, 7= 5.1 Hz, 2 IQ, 3.35 (t,J= 6.0 Hz. 2 H), 
2.43 (t, /= 7.4 Hz, 2 H), 1.69 (m, 2 H) 
IR(KBr) 3310, 3132, 1647, 1582, 1531, 1403, 1117 cm-' 
HRMS (EI) calcd for CijflioNfiO (M*) 348.1699, found 348.1695 
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Example 10 

l-{2-[(l-Benzyl4H-l^,3-tria2ol-4-yl)methoxy]ethyl}4H-imidaM 

amine faydrochloride 

l-{24(l-Beiizyl4frl,2^-triazol-5-yI)meAoxy]c&yl}-lH-imid^ 

amine hydrochloride 

NH. f 




PartA 

10 clquinoliii-4-ainine (1.5 g. 2.81 mmol), anhydrous toluene (30 mL) and benzyl azide (1.3 
mL, 9.12 nunol) were combined and heated in an oil bath at 100^ for 28 hours. The 
reaction mixture was concenttated under reduced pressure to provide crude product as a 
brown oil. 
PaitB 

15 Sodium meflioxide (2.19 mL of 25% in methanol, 9.52 mmol) was added to a 

mixture of the material ftom Part A and methanol (20 mL). The reaction mixture was 
allowed to stir at ambient temperature overnight and then it was concentrated under 
reduced pressure to provide a dark oU. Tl» oU was purified by column chromatography 
eluting wifli 5% methanol in dichlorometiiane to provide a lig^t yeUow oil. The oO was 

20 treated with 1.0 M hydrogen chloride to provide a pink soUd. This solid was recrystallized 
twice fiom acetomtrile and the resulting product was dried m a vacuum oven at 80^ for 2 
hours to provide 0.12 g of a mixture of the regio isomers of flie desired product i.e. a 
mixture containing bofli l-{2-[(l.benzyl-l/r-l A3-tria2ol-4-yl)methoxy]ethyl}-lH- 
imidazo(4.5-c]quinoline-4-amine hydrochloride and l-{2-[(l-ben2yH/f-U.3-triazol-5- 
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yl)methoxy]ethyl}-l/f.imidazo[4,5K:]quinoline-4-amine hydrochloride, as a light pink 
ctystalline soUd, m.p. 209-21 l^'C. 

Analysis: Calculated for C22H21N7O • 0.95 1 HCl • 0.615 H2O: %C. 59.35; %H, 5.25; %N, 

22,02; Found: %C, 59,46; %H. 5.16; %N, 22.05. 
5 ^H-NMR (300 MHz. DMS0-d6) 5 9.00 (br s, 2 H), 8.46 (s, I H). 8,28 (d. J=7.8 Hz. 1 H), 

7.98 (s, 1 H). 7.83 (br d, J=7.8 Hz. 1 H), 7.71 (br t. J=7,8 Hz. 1 H), 7.50 (br t, J=7.7 Hz, 1 

H) 7,20-7.40 (m, 5 H). 5.52 (s, 1,88 H), 5.39 (s, 0,12 H). 4.88 (t, J«4.9 Hz, 2 H), 4J2 (s, 2 

H), 3.95 (t, J=4.9 Hz, 1.88 H), 3,87 (t, J=5.1 Hz, 0.12 H) 

IR(KBr)3152, 2638, 1672, 1605, 1126 cm-' 
10 HRMS (EI) calcd for C22H21N7O (M^ 399.1808, found 399.1802. 

Example 11 

l-[2K{l-[(Pbenylsul£anyl)me%l]-l/r-i;2,3-triazol-4-yl}meA^ 

c]quinoline-4-amine 
15 l-[2<{14CPhenyIsulfaaiyl)methyl]-lif-l^,3-triazol-5-y^^^ 

c]quinoline-4-aniine 




20 

PattA 

Under a nitrogen atmosphere, anhydrous toluene (20 mL). N,N-(bi8 tert- 
butoxycarbony0-l-[2-(2-propynyloxy)ethyl]-li7-imidazo[4,5-c]quinolin-^^ (1.0 g, 
2.1 mmol) and azidometfayl phenylsulfide (0.61 mL, 4.3 mmol) were combined and heated 
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at reflux for 72 hours. The reaction mixture was allowed to cool to ambient temperature 
and dien it was concentrated under reduced pressure to provide a brown oil Thismaterial 
was purified by column chromatography eluting with 80/20 ethyl acetate/bexane to 
provide 0.95 g of product as a clear oil 
5 MS (CI) for C32H37N7OSS miz 632 (MH+). 532, 458, 432 
PartB 

A solution of die material &om Part A in anhydrous dichloromethane (15 mL) was 
added to a mixture of trifluoToacetic acid (7.4 mL) and anhydrous dichloromethane (6 mL) 
which had been chilled to O^'C. The reaction mixture was kept in an ice bath for 2 hours 

10 and then allowed to warm to ambient temperature. After 6 hours die reaction mixture was 
washed with 20% sodiinn hydroxide. The aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed with water, dried over 
magnesium sulfate, filtered and then concentrated under reduced pressure to provide a 
green oil The oil was purified by column chromatography eluting with 5% methanol in 

15 dichloromethane to provide a green crystalline solid. This material was recrystallized 

from isopropanol to provide 0.12 g of a mixture of the regjio isomers of the desired product 
Le. amkture containing both U[2-({l-[Q>henylsul&nyl)methyl]»lff-l,2,3-triazol-4- 
yl}methoxy)ethyl]-l/f-imidazo[4,5-c]quinoline-4-amine and l-[2-({l- 
[(phenylsulfenyl)me%l]-l/^l,2,3-triazol-5-yl}methoxy)e%l]-l/f-imidaOT 

20 c]quinoline-4-araine, as an off-white solid, m.p. 1 82-1 84*C. 

Analysis: Calculated for CiiHuNtOS: %C, 6124; %H. 4.91; %N, 22.72; Found: %C, 
60.94; %H, 4.94; %N, 22.38. 

*H-NMR (300 MHz, DMS0-d6) 6 8.00-8.20 (m, 2 H), 7.87 (s, 0.8 H), 7.60-7.65 (m, 1 H), 
7.52 (s, 0.2 H), 7.40-7.50 (m, 1 H), 7.20-7.40 (m, 6 H). 6.65 (s, 2 H), 5.87 (s, 1.6 H), 5.65 
25 (s, 0.4 H), 4.83 (br t, JM.6 Hz, 0.4 H), 4.78 (br t, J=^.9 Hz, 1.6 H), 4.49 (s, 1.6 H), 4.42 (s, 
0.4 H), 3.80-3.90 (m,2H) 
IR(KBr) 3322, 3205, 1643, 1527, 1095 cm"* 
HRMS (EI) calcd for C22H2iN70S QA*) 431.1528, found 43L1522. 
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Example 12 

l-[2-(B€iizo|>]furan-2-ylmeftoxy)ethyl]-l/f-imida2o[4 




Part A 

5 Benzyltzimethylanunonium chloride (0.436 g) and piopaigyl bromide (6.07 mL of 

80%) weie added with stiirmg to a mixture of dichlonmietbane (1 85 mL) and aqueous 
sodium hydroxide (60 mL of 50%). 2-<l/Mmidazo[4,5-c]quinolin-l-yl)e1hanol (10.0 g, 
46.9 mmol) was added to the resulting solutioa The reaction mixture was stirred at 
ambient temperature for 2 1 hours at which time anafysis by HPLC showed that starting 

10 material remained. An addition^ equivalent ofpropargylbnnnide was added and the 

reaction mixture was stirred for an additional 46 hours. Water was added to ttie reaction 
mixture and the layers were separated. The aqueous firaction was extracted witii 
dichloTomethane. The organic factions were combined, washed with water and with 
brine, dried over magnesium sulfate and then concentrated under reduced pressure to 

1 5 provide a dark brown solid This material was purified by flash chromatography (silica 
gel eluting with 5% methanol in dichloromethane) to provide 7.0 g of l-[2- 
propynyloxy)ethyl]-l/f-iinidiEizo[4»5-c]quinoline as a brownish solid. 
PartB 

Under a nitrogen attnosphere, l-[2-(propynyloxy)ethyl]-l/f-imidazo[4^- 
20 c]quinoIine (1.0 g, 4.21 mmol), triethylamine (1.53 mL, 10.96 mmol) and anhydrous 

acetonitrile (20 mL) were combined and thai heated to 60°C. 2-Iodophenol (1.02 g, 4.63 
mmol), copper Q) iodide (0.08 g) and dichlon)bis(tEiphenyIphospfaine)palladium(II) (0.148 
g) were added. After 4 hours analysis fay TLC (5% methanol in dichloromefliane) 
indicated that ^e reaction was complete. The reaction mixture was filtered through a 
25 layer of Celite® filter aid to remove the catalysts. The filtrate was concentrated under 
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leduced pressure to provide an ofl. This material was purified by flash chromatograpby 
(sflica gel elating widi 3% medianol in dichloromelhane) to provide 0.91 g of l-[2- 
(benzo[b]fiiran-2-ylmeflioxy)ethyl]-l/^iinida2o[4,5-c]quinoU as a yellow oil. 
PaitC 

S 3-Chloroperoxyben2oic acid (0.65 g) was added in portions over a period of 5 

minutes to a solution of the material from Part B in chloroform (1 5 mL). The progress of 
the reaction was monitored by TLC. More 3-chloroperoxyben2oic acid (2 X 0.2 g) was 
added After 1 .5 hr the reaction mixture was washed twice witii aqueous sodium 
bicarbonate, back extracted with chloroform, washed witfi brine and then concentrated 

10 under reduced pressure to provide l-[2-{benzo[b]fiiran-2-yhne1hoxy)etixyl]-l/f- 

imida2o[4,5-c]quinoline-5N-oxide. The material was stored under nitrogen at a reduced 

temperature over the weekend. 

PartD 

Under a nitrogen atmosphere, tricbloroaoetyl iso<^anate (0.60 g, 3.1 8 mmol) was 
15 slowly added via a syringe to a solution of the N-oxide fiom Part C in dichloiomethane 
(15 mL). The vola-tiles were removed under reduced pressure to provide 2^>trichloro- 
{l-[2-(benzo[b]furan-2-yhneflK)xy)e%l]-Lff-Jmidazo[4,5s^^ as a 

tan solid. This material was dissolved in methanol (15 mL). Sodium monoxide (2.04 mL, 
9.01 mmol) was added and die resulting solution was allowed to stk for 48 hours. A white 
20 precipitate was isolated by filtration and then recrystalHzed from acetonitrile to provide 

022 g of l-[2-(ben2o[b]furan-2-yhnethoxy)ethyl]-l^-imidazo[4,5-clqu^ as 
off-white needles, m.p. 201-203*^. 

Analysis: Calculated for C2iHi8N402: %C, 7038; %H. 5.06; %N, 15.63; Found: %C. 
70.36; %H, 4.80; %N 15.51. 
25 »H-NMR (300 MHz. DMS0-d6) 5 8.16 (s, IH). 8,06 (d, J= 7.8 Hz, IH), 7.49-7.62 (m, 
3H), 7.42 (m, IH). 7.16-7.31 (m. 3H). 6.76 (s, IH). 6.58 (br s, 2H). 4.83 (t. 5.4 Hz. 
2H). 4.61 (s. 2H). 3.97 (t. 7= 5.1 Hz. 2H) 
IR (KBr) 3455, 3069. 1583, 1530. 1397, 1254, 1088 
HRMS (H) calcd for C21H18N4O2 (M*) 358.1430, found 358.1428. 
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Example 13 

l-[2-<Pyridm-3-ylmethoxy)efhyq-l/f-imidazo[4,5-<:]qu^ 




PartA 

5 Under a nitrogen atmosphere, sodium hydride (16.88 g of 60% in mineial oil, 422 

mmol) was added in poitions to a solution of 2-(l£f-imidazo[4,S-c]quinoIin-l-yl)etfaanol 
. (60.0 g, 281 mmol) in anhydrous N^N-dimeli^lfonnamide (600 mL). The aDcoxide was 
allowjed to stir .for about 1.5 hours. Benzyl bromide (502 mL, 422 mmol) was sloiidy 
added over a period of about 30 minutes. The reaction-mixture was allowed to stir at 

10 ambient temperature overnight Solvent was removed under reduced pressure. The 

residue was taken up in ethyl acetate, washed several times with water, washed with brine, 
dried over magnesium sulfate and then concentrated under reduced pressure to provide 1- 
[2-(bcnzyloxy)cthyl]-l//-imidazo[4,5-c]quinoline as a dark oil. 

*H-NMR (300 MHz, DMS0-d6) 5 922 (s, IH), 8.42 (s, IH). 8,40 (s, IH), 8.17 (m, IH). 
15 7.69 (m, 2H), 7.10-722 (m. 5H). 4.95 (t, J= 5.1 Hz, 2H), 4.45 (s, 2H), 3.93 (t, 7= 5.1 Hz, 
2H) 

MS (CI) for CwHnNsO m/z 304 (MH*), 214 
PartB 

3-Chloroperoxybenzoic acid (69.36 g of 77% maximum) was added in portions 
20 over a period of 1 S minutes to a solution of l-[2-(benzyloxy)etfayl]-l/f-imida2o[4,5- 

c]quinoline (85.36 g, 281 mmol) in chlorofomi (800 mL). Afier 1 hour analysis by TLC 
(10% metiianol in dichloromethane) showed Aat the reaction was com|)IetB. The reaction 
mixture was washed with saturated sodium bicaxbonate (twice), washed widi brine, dried 
over magnesium sul&te and then concentrated under reduced pressure to provide a solid. 
25 The solid was slurried wift diethyl ether and &en isolated by filtration to provide l-[2" 
(ben2yloxy)ethyl]-lH-unidazo[4,5-c]quinoline-5N-oxide as a dark yellow solid. 
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Parte 

Phosphorous oxychloride (12.84 inL, 138 mmol) was slowly added to a mixture of 
l-[2•<ben2yloxy)e%l]-l/^imidazo[4,5-clqumolme-5N-K)xi^^ (40.0 g, 125 mmol) and 
anhydrous toluene (600 mL). The reaction nuxtuie was allowed to stir for about 30 

5 minutes and then the volatiles were removed under reduced pressure. The resultmg red oil 
was dissolved in dichlorometfaane, washed twice with saturated sodium bicarbonate, and 
then concentrated under reduced pressure. An attempt to recrystallize the residue from 
ethyl acetate resulted in a gum. The material was taken up in ethyl acetate (500 mL) and 
, ften combined wifli triefliylamine (2534 g, 250 mmol). The solution was chilled in an ice 

10 bath and the precipitate was isolated by filtration. The material changed back into an oil 
shortly after filtration. The oil was taken up in dichloromethane, combmed with tiie 
filtrate and then concentrated under reduced pressure to provide an oil This material was 
partitioned between dichloromethane and 15% sodium hydroxide. The organic fraction 
was washed with brine, dried over magnesium sulfite and theii concentrated under 

15 reduced pressure to provide an ofl. This oil was further purified by flash chromatography 
(silica gel eluting firat with dichlorometiiane, then with 2% meOanol in dichloromediane 
and dien with 5% mettianol in dichlorometiiane) to provide ~21 g of l-[2- 
(benzyloxy)ethyl]-4-chloro-liif-imidazo[4,5-c]quinoline. 

'H-NMR (300 MHz, DMS0-d6) 8 8.47 (s, IH). 8.42 (dd, J= 8.3, 1.5 Hz. IH), 8.08 (dd, J 
20 = 8.3, 1.5 Hz, IH), 7.72 (m, 2H). 7.04-7.17 (m, 5H). 4.96 (t. J= 5.1 Hz, 2H), 4.44 (s. 2H), 
3.92(t,J=5.1Hz,2H) 

MS (CI) for C19H16CIN3O miz 338 (MH*), 309, 248, 214 
PartD 

Phenol (6.21 g, 66 mmol) was added in portions to a chilled suspension of sodium 
25 hydride (2.79 g of 60% in mineral oil, 69.7 mmol) in diglyme (25 mL). When bubbling 
had subsided, a solution of the material from Part C in diglyme (1 0 mL) was added in a 
single portion. The resulting solution was heated to 1 10"C and stirred ovcmi^t Analysis 
by TLC (3% methanol in dichloromethane) indicated ttiat the reaction was complete. The 
solution was cooled to ffC and a brown precipitate formed. The diglyme was decanted 
30 off. The solid was slurried with hexane and tiien isolated by filtration. The solid was tiien 
slurried with water, isolated by filtration and dried in an oven overnight Thesolidwas 
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recrystallized from isopropanol to provide 19.3 g of l-[2-(benzyloxy)ethyll-4-phenoxy- 
l//-iniidazo[4,5-c]quiiiolme as a solid. 

*H-NMR (300 MHz, DMS0-d6) 5 8.39 (s. IH), 8.32 (dd, J= 8.3, 1.5 Hz, IH), 7.69 (dd, J 
= 8.3, 1 J Hz, IH). 7.46-7.59 (m, 4H). 7.12^7.33 (m, 8H). 4.93 (t, 7= 5.1 Hz, 2H), 4.47 (s, 
5 2H),3.94(t.J=5.1Hz,2H) 

MS (CI) for CisI^iNaOi miz 396 (MH^. 306, 288 
PaxtE 

Under a nitrogen atmosphere, trifiic acid ^9.0 ^ was added dropwise to a solution 
of l-[2-{benzyloxy)etiiyl]-4-pheno:^'rl/^inudazo[4,5-c]quinol^ (7.65 g} m anhydrous 

10 dichloromethanB (200niL). When analysis by TLC (5% methanol in dichlorometfaane) 
indicated that die reaction was complete, die reaction mixture was concentrated under 
reduced pressure to provide an oil. This material was dissolved in ethyl acetate and dien 
combined with triediylamine (10 eq.). The solution was diluted widi additional ethyl 
acetate, washed widi water, washed with brine, dried over magnesium sul&te and dien 

15 concentrated imder reduced pressure. The residue was recrystallized from ethyl acetate to 
provide ~4.8 g of 2-(4-phenoxy-lif-imidazo[4,5-c]quinolin-l"yl)etfaanol as a white fluffy 
solid. 

^H-NMR (300 MHz, DMSO-d6) 8 8.34 (m. IH), 8.32 (m, IH), 7.70 (m, IH). 746-7.60 
(m, 4H), 7.25-7 Jl (m. 3H), 5.06 (t, 5.4 Hz, IH), 4.76 (t, /= 5.4 Hz, 2H), 3.90 (q, 7= 
20 5.4Hz,2H) 
PartF 

3-(BromomethyQpyridine hydrobromide (0.638 g, 2.52 mmol) was added in a 
single portion witfi stirring to a solution containing 2-(4-phenoxy-l/f-iinidazo[4,5- 
c]quinolin-l-yl)ethanol (0.7 g, 2.29 mmol), benzyltrimethylammonium chloride (-0.03 g), 

25 sodium hydroxide (28 mL of 50%) and dichloromethane (28 mL). After 3 hours analysis 
by TLC (5% methanol in dichloromethane) indicated dmt die reaction was complete. The 
reaction mixture was diluted with water (100 mL) and dichloromethane (100 mL). The 
layers were separated and die aqueous fraction was extracted with dichlorometfaane (100 
mL). The organic fractions were combined, washed with brine, dried over magnesium 

30 sulfite and then concentrated under reduced pressure to provide a dark yellow solid. This 
material was purified by flash chromatography (silica gel elutinjg widi 5% medianol in 
dichloromethane) to provide 0.74 g of 
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4^henoxy-l-[2-<pyridmO-ylmethoxy)ethyl]-lif.iinidazo[^ as a bright 

yellow solid. 

*H-NMR (300 MHz, DMS0-d6) 8.42 (dd, J = 4.9, 2.0 Hz, IH). 8.38 (s, 2H), 8.33 (dd, y = 
8.3. 1.5 Hz, IH), 7.70 (dd, J= 8.3, 2.0 Hz, IH). 7.46-7.59 (m, 5H), 7.22-7.33 (m. 4H), 
5 4.96 (t, 7= 4.9 Hz. 2H). 4,52 (s, 2H). 3.98 (t, 7 = 4.9 Hz, 2H) 
MS (O) for C24H20N4O2 xdz 397 (MH*), 306. 288, 212, 110 
PartG 

4-Phenoxy-l-[2-(pyridm-3-ylmethoxy)ethyl]-l/f-im (0.67 g, 

1.69 mmol) and aznmonium acetate (1.30 g. 16.9 mmol) were combined and heated to 

10 150^. Afler 5 hours analysis by TLC (10% methanol in dichloromethane) showed 

starting material. More ammomum acetate (5 g) was added. After 1 hour TLC indicated 
that the reaction was complete. The reaction mixture was aUowed to cool to ambient 
temperature ovemiglht The resulting brown oil was combined with water (100 mL) and 
made basic (pH 9) with sodium bicarbonate. The poduct was extracted into 

15 dichloromethane (2 X 100 mL). The extracts were combined, washed witii brine, dried 
over magnesium suU&te and then concentrated under reduced pressure to provide an off- 
white gummy solid. This material was purified by flash chromatography (silica gel 
elutmg with 10% medianol in dichloromeOiaiie) to provide 0.40 g of a guimny white solid. 
This material was dissolved in methanol (10 mL). Hydrogen chloride/dietfayl ether (5 eq) 

20 was added dropwise and the mixture was allowed to stir fori hour. Theresulting 

precipitate was isolated by filtration, rinsed with diethyl ether and dried in a vacuum oven 
to provide 0.358 g of l.t2-(pyridin-3-yhnethoxy)ethyl]-lif-imidazo[4,5^]quinolin-4. 
amine faydiocliloride as a light yellow solid, m.p. 229-23 

Analysis: Calculated for CisHhNjO • 2.75 HCl • 0.4 HjO: %C, 50.62; %H, 4.85; %N. 
25 16.40; Found: %C. 50.44; %H, 4.96; %N, 16.19. 

'H-NMR (300 MHz. DMS0-d6) S 8.78 (d, y = 5.4 Hz, IH), 8.71 (s, IH), 8.56 (s, IH). 

8J4 (d. J= 8.3 Hz. IH). 8.26 (d, J = 7.8 Hz, IH), 7.90 (dd. J- 7.8, 5.9 Hz, iH), 7.84 (d,y 

= 8.3 Hz. IH). 7.72 (t. 7.8 Hz, IH), 7.54 (t, J= 7.8 Hz, IH), 4.98 (t, 7= 4.9 Hz, 2H), 

4.69 (s, 2H), 4.04 (t, y = 4.9 Hz, 2H) 
30 MS (CI) for CigHnNsO • HCl(i im) • HjOcja) vaJz 321 (MH*), 229. 
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Example 14 

l-[2-(Pyridin-2-ylmethoxy)ethyl]-lif-inudazo[4,5-c]quinol^ 




5 PartA 

Using the general method of Example 13 PaitF, 2-(4-phenoxy-liif-mudazo[4,S- 
c]quinoIin-l-yl)etfaanol (0.9 g, 2.95 minoQ was reacted witib 2-picolyl chloride hydrogen 
chloride (0.53 g, 324 mmol) and the product purified to provide 0.65 g of 4-phenoxy-l- 
[2-(pyridm-2-ybneftoxy)e1fayl]-lJ7-imidazo[4,5-c]quinol^ 
10 'H-NMR (300 MHz, DMSO-d6) 8.41 (m, 2H), 8.34 (dd, 7- 8.3, 1.5 Hz, IH), 7.70 (dd, J 
« 8.3, 1,5 Hz, 2H), 7.46-7.66 (m, 5H), 7.18-7.33 (m. 4E0. 7.30 (d, 7.8 Hz, IH), 4.98 (t, 
J^.9 Hz, 2H), 4.55 (s, 2H). 4.04 (t, /« 4.9 Ifa. 2H0 
Parts 

The material £rom Pait A and ammonium acetate wero combined and heated to 
15 1 50**C. After 5 hours analysis by TLC (10% medianol in dichloromethane) indicated that 
the reaction was complete. The reaction mixture was allowed to cool to ambient 
temperature, then it was combined with water (100 mL) and made basic (pH 9) widi 
sodium bicarbonate. The resulting white precipitate was isolated by filtration and then 
slurried with diethyl ether. The resulting white solid was isolated by filtration and tiien 
20 recrystallized fiom acetonitrile to provide 0.18 g of l-[2-(pyridin-2-yIme&oxy)e&yl]-lff- 
imidazo[4,5-c]quinolin-4-amine as a white solid, m.p. 196-198^. 
Analysis: Calculated for CHH17N3O: %C, 67,70; %H, 5.37; %N, 21.93; Found: %C, 
67.86; yoH, 5.31; %N, 22.13. 

'H-NMR (300 MHz, DMS(>d6) 5 8.43 (d. 7= 4.9 Hz, 2H), 8.20 (s, IH), 8,09 (d, J= 6,8 
25 Hz, IH), 7.63 (dt, /- 8.3, 1.5 Hz, 2H). 7.43 (dt, 7 = 8 J, 1.5 Hz, IH), 7.19-7.24 (m, 2H), 
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7.12 (d, J=7.8 Hz, IH), 6.53 (br s, 2H), 4.87 (t. J- 5.1 Hz, 2H), 4.54 (s, 2H). 3.99 (t, 
5.1Hz,2H) 

MS (CI) for C18H17N5O miz 320 (MH*). 229, 21 1 . 

Example 15 

l-[2-<Pyridm-4-ylmetiioxy}ethyl]-l/f-imidazo[^^^ 



Using general method of Example 13 Part F, 2-(4-phenoxy-l/f-inidazo[4,S- 
c]qumoIm-l-yl)ethanol (1.1 g, 3.61 mmol) was reacted with 4-pico1yl chloride hydrogen 
chloride (0.649 g, 3.96 mmol) and the product purified to provide -0.3 g of 4-phenoxy-l- 
[2-(pyridin-4-ylmethoxy)cfliyl]-l/f-iniidazo[4,5-c]quinoline- 

*H-NMR (300 MHz, DMSO-d6) 5 8.41 (s, IH), 8.39 (s, IH), 8.34 (dd, 7= 7.8, 1.5 Hz. 
2H), 7.70 (dd, 7= 7.8, 1.5 Hz. IH), 7.46-7.60 (m. 4H), 7.25-7.33 (m, 3H), 7,10 (d,y= 5.9 
Hz. 2H), 5.00 (t, /= 4.9 Hz, 2H), 4.53 (s, 2H), 4.00 (t, /= 4.9 Hz, 2H) 
MS (O) for C24H20N4O2 m/z 397 (MH*), 306, 288, 212, 1 1 0 
PartB 

Using the general method of Example 14 Part B, 4-pheno;^-l-[2-(pyridin-4- 
yhnedioxy)ediyl]-li?-imidazo[4,5-c]quinoline (0.25 g) was aminated to provide 0.14 g of 
l-[2-^iyzidm-4-yhnetfao3^)etfayl]-li7-imidazo[4,5-^]qum as a soHd, m.p. 1S9* 

161-C. 

Analysis: Calculated for CijHitNsO: %C, 67.70; %H, 5.37; %N, 21.93; Found: %C 
67 37; %H, 5.31; %N, 22.49. 




Part A 
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^H-NMR(300 MHz, DMSO-<i6) 5 8.40 (dd, J= 4.4, 1.5 Hz, 2H), 8.20 (s, IH), 8.09 (d, J- 
8.3 Hz, IH), 7.62 (d, J= 8.3 Hz, IH), 7.43 (m, IH), 7.21 (m, IH), 7.10 (d, 7=5.4 Hz, IH), 
6.54 (br s, 2H). 4.87 (t,7= 5.1 Hz, 2H), 4.51 (s, 2H). 3.94 (t, J= 5.1 Hz. 2H) 
MS (CI) for CigHnNjO m/z 320 (MH*), 229, 136 

Example 16 

l-{2-[(3,5-Diinetiiylisoxazol-4-yl)meaioxy]ethyl}- 
l^-iinidazo[4,5-c]quinoltn-4-aiiiine 




10 

PaitA 

Using the general method of Example 13 Part F, 2-(4-pheno^-li/-iniidazo[4»5- 
c]qumolin-l-yI)ethanol (0.82 g, 2.69 mmol) was reacted with 4-(chlotomethyl>3,5- 
dimethylisoxazole (0.43 g, 2.95 mmol) and purified to provide 0.59 g of l-{2-t(3,5- 
1 5 dimethylisoxazol-4-yl)methoxy]ethyl}-4-phenoxy-l/f*imidazo[4,5-c]qu^ as a white 
foamy solid. 

*H.NMR (300 MHz, DMSO-d6) 5 8.29-8.32 (m. 2H), 7.70 (dd, 7= 7.8, 1.5 Hz, IH). 7.46- 
7.60 (m, 4H). 7.25-7.32 (m, 3H) 4.89 (t, 7=5.1 Hz, 2H), 4.24 (s. 2H), 3.89 (t, 7= 4.9 Hz, 
2H),2.16(s, 3H), 1.93 (8. 3H) 
20 MS (CI) for C24H22N4O3 m/z415 (MH^, 306, 212. 1 12 
PaitB 

Using the general method of Example 14 Part B, ttie material fiom Part A was 
ammated to provide 0 J9 g of l-{2-[(3.5Klime%IisoxazoI-4-yI)me&oxy]e%l}-l/f- 
imidazo[4,5-c]quinolin-4-amine as a white solid, m.p. 213-215^C. 
25 Analysis: Calculated for CigHwNsQi: %C. 64.08; %H, 5,68; %N, 20,76; Found: %C, 
64.02; %H. 5.53; %N. 21,01. 



69 



wo 02/46193 



PCT/USOl/46704 



^H-NMR (300 MHz. DMS0-d6) 5 8.12 (s, IH). 8.05 (dd. 8.3, LO Hz. IH), 7.61 (dd, J 
- 8.3. 1.0 Hz, IH), 7.43 (m. IH). 7.21 (m. IH). 6.52 (br s. 2H). 4.79 (t,7= 5.1 Hz. 2H), 
423 (s. 2H), 3.85 (t,y= 5,1 Hz, 2H),2.20 (s. 3H), 1.97 (s, 3H) 
MS (CI) for C|gHi9N502 roiz 338 (MH*), 229, 112 

Example 17 
l-(2-{[3KPyrimidm-2-yl)-2-piopynyl]oxy}e^^ 
lif-imidazo[4,5-c]qamoli]i-4--aiDine trifluoioacetate 




10 Under a nitrogen atmosphere, l.[2-(2-propynyloxy)ethyl]-lH-imidazo[4,5- 

c]quinolm-4-amine (1.0 g. 3.7 mmol), triethylamine (1 .0 g, 9.7 mmol) and anhydrous 
NJ^-dimeAylfotmamide (20 mL) were combined. The resulting solution was heated to 
65*0 . Copper (0 iodide (0.07 g, 0.4 mmol), dichlorobis(triphenylphosphinc)paIladium(II) 
(0.13 g, 0.2 mmol) and 2-bromopyrimidine (0.65 g, 4.1 mmol) were added and the 

15 reaction mixture was stirred at 65"C overnight The N,N-dimethylformamide was 

removed under reduced pressure to provide crude product as a tar. This tar was purified 
first by column chromatography (silica gel eluting with dichloromediane) and then by 
semi-preparative HPLC iwing Method A to provide 0.05 g of H2-{[3-(pyrimidin-2.yI>2- 
prupynyl]oxy}ethy04i/-imidazo[4,5-c]quinolin-4-amine trifluoroacetate as a spongy 

20 white solid. m.p.214-2l5'C. 

Analysis: Calculated for C^iaNeO • 1.5 C2HF3O2 • 0.3 HiO: %C, 50.67; %H. 3.51; %N. 
16,12; Found: %C. 50.67; %H, 3.11; %N, 16.14. 

*H.NMR (300 MHz; DMSO-dtf) S (ppm) 9.169(s,lH). 8.646(s.2H), 8.497(s.lH). 
8328(dJ=8 JHZ.1H). 7.773(d,J=6.9Hz,lH), 7,703(U'=6.7Hz.lH), 7.558(t,J=7.2Hz,lH), 
25 . 4.942(U=4.8Hz,2H), 4.447(saH), 4.073(U«4.9Hz,2H). 
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10 



15 



20 



Example 18 

H2-{[3-(Pyrid-4-yl)-2-propynyl]oxy}cthyl)-lif-imidazo[4,5-c] 

bis(trifluoroacetate) 



Under a nitrogen atmosphere, l-[2-(2-propynyloxy)ethyl]-l/f-imidazo[4,5- 
c]quinolm-4-amine (0.5 g, 1.9 mmol), triethylamine (0.5 g, 4.9 mmol), copper (I) iodide 
(0.036 g, 0.2 mmol), 4-bromopyiidine (0.51 g, 2.6 mmol) and acetonitrile (20 mL) were 
combined and stirred at ambient temperatms. 

Dicfalofrobis(triphenylpbospIiine)palladimn(II) (0.066 & 0.1 mmol) was added. The 
reaction mixture was heated at reflux overnight The acetonitrile was removed under 
reduced pressure. The residue was taken up m dichloromedune and methanol and then 
put through a basic alumina column. The fiactions were combined and concentrated under 
reduced pressure. Hie residue, was triturated with acetonitrile. The resultmg solid was 
isolated by filtration and then purified by semi-preparative HPLC using Method A to 
provide 0.1 g of l-(2-{[3-(pyrid-4-yl)-2-propynyl]oxy}ethyl)-lH-imida2»[4,5-c]quinolin- 
4-aminc bis(trifluoroacctate) as a gray flufiy solid, m.p. 135**C (dec.). 



Analysis: Calculated for Cic^InNsO • 2.0 C2HF3O2 • 0.5 H2O: %C, 49.66; %H, 3.47; %N, 
12.06; Found: %C, 49.59; %H, 3.51; %N, 12.22. 

^H-NMR (300 MHz; DMSO-d<s) 5 (ppm) 9.063(bs;JH), 8.551(d,J=5.2H2;2H), 
8.498(s,lH). 8.335(dJ-7.7H2,lH), 7.795(dJ=6.9Hz,lH), 7.727(tJ=8.3Hz,lH), 
7.564(tJ-8.3Hz,lH), 7.139(dJ=5.7H2,2H), 4,942(tJ=4.8H2,2H), 4.427(s,2H), 
4.056(tJ=4.8Hz.2H). 
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Example 19 

l-(2-{[3-{Fur-3-yl)-2i}rop>iiyl]oxy}efliyl)-ljy-nmdazo[4,5-c^ 

trifluoioacetate 




Under a nitrogen atmosphere, l-[2-(2-propynyloxy)e%l]4H-imidazo[4,5- 
c]quinolin-4-amme (0.5 g, 1.9 mmol), triethylamine (0.5 g, 4.9 mmol), copper (I) iodide 
(0.036 g, 0.2 mmol), 3-biomofuian (0.38 g, 2.6 mmol) and anhydrous N,N- 
dimetfaylformamide (20 mL) Were combined and stixred at ambient tempetatuie. 
10 DichloK)bis(triphenylphosphine)paJIadimn(II) (0.066 g, 0.1 mmol) was added. The 

reaction mixture was heated at 80"C overnight The reaction mixture was allowed to cool 
to ambient temperature and then it was diluted witii dichloromethane. The resulting fine 
brown precipitate was removed by filtration. The filtrate was concentrated under reduced 
pressure. The residue was dissolved mto a minimum amount of N^-dimetbylformamide 
15 and put through a silica gel column. The appropriate fiactions were combined and 

concentrated under reduced pressure. The residue was purified by semi-preparative HPLC 
using Method A to provide 0.1 g of l-(2-{[3-(fur-3-yl)-2-propynyl]oxy}ethyI)-l^- 
imida2o[4,5-c]quinolin-4-ainine trifluoroacetale as a fluffy ivory solid, m.p. 160-162"C- 
Analysis: Calculated for C19H16N4O2 • C2HF3O2 • 0.25 H2O: %C. 55.94; %H. 3.91; %N, 
20 12.42; Found: %C, 55.57; %H. 3.43; %N. 12.45. 

'H-NMR (300 MHz; DMSO^) 5 (ppm) 8.859(bs.2H), 8.473(s.lH), 8.32(d,J=8.3H2.lH), 
7.849(s.lH). 7.813(d^«7.3Hz.lH). 7.7l4(tJF«8.5Hz,lH), 7.697(d,J=2Hz,lH). 
7.551(U=6.8H2,1H), 6.409(dJ=1.9Hz,lH). 4.919(tJ-5.5Hz.2H), 4.337(s,2H), 
4.002(t4=4.8Hz,2H). 

25 
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Example 20 

4-{3-[2-(4-Amino-l//-imidazo[4,5-clquiiiolin-l-yl^ 

tiiiophen-2-ylcaxboxaIdehyde trifluoioacetatB 
NHj 

O 

5 Using the general method of Example 20, l-[2-<2-piopynyloxy)ethyl]-lff- 

imida2x>[4,5-<]qumolm-4-amme (0.5 g, IS mmol) was reacted witii 3-biomo-2- 
tfaiophenecatboxaldehyde (0.5 2.6 mmol) and the cnide'pnxluct purified by semi- 
preparative HPLC using Method A to provide 0.13 g of 4-(3-[2-(4-amino-lif- 
iniidazo[4,5-c]qu]nolin-l -yI)etfaoxy]-prppyn-l -yl} -thiophen-2-ylcaiboxaldehyde 

10 trifluoroacetate as a fluf^ ivory solid, m.p. 195*^. 

Analysis: Calculated for C20H16N4O2S • C2HF3O2: %C, 53.88; %H, 3.49; %N. 11.42; 
Found: %C, 54.16; %H, 3.21; %N, 1 1.36. 

'H-NMR (300 MHz; DMSO-d<s) 6 (ppm) 9,874(s,lH), 8.972(bs,2H), 8.483(s,lH), 
8.322(dJ=7.9Hz,lH), 8.076(s,lH), 7,771(dJ=8.3Hz,lH), 7.736(s,lH), 
15 7.71(t,>8.4HAlH), 7.555(tJ=6,9Hz.lH), 4.928(tJ=53H2;2H), 4.371(s,2H), 
4.043(tJ=4.8Hz,2H). 
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Example 21 

l-P-{[3-(PyTid-2-yl)-2-propynyl]oxy}ethyl)-l/r-inuda2o[4,5-c]qi^ 

trifluoroacetate 




5 Using the general metiiod of Example 19, l-[2-^2-propynyIoxy)etliyl]-lJ¥- 

iniidazo[4^5-c]quinolm-4-amine (0.5 g, 1.9 mmol) was reacted with 2-biomopyridiiie 
(0.5 1 g, 2.6 mmol) and ttie cmde product purified by semi-piepaiative HPLC using 
Mefliod A to provide 0.1 g of l-(2-{[3-(pyrid-2-yl)-2"propynyl]oxy}ethyl)-lfr- 
imidazo[4,5-c]quinolin-4-amine trifluoroacetate as a gray fluffy solid, m.p. 129-131%. 

10 Analysis: Calculated for C^dHnUsO • 1.75 C2HF3O2 • 025 UaO: %C. 51.56; %H, 3.55; 
%N, 12.-80; Found: %C, 51.80; %H. 3.20; %N, 13.11. 

'H-NMR (300 MHz; DMSOd6) 8 (ppm) 9.013(bs;m). 8.516(s,lH). 8.495(s,lH). 
8.331(dJ=8.2Hz,lH). 7.75(m,3H), 7.553(U=82Hz.lH), 7.375(dd,J=7.8;4.9H2;lH), 
7.23(4J=7.8Hz.lH), 4.944(U=5.4Hz^H), 4.418(s^, 4.059(U=4.8H2^. 

15 

Examples 22-26 

The compounds in the table below were prepared according to tiie synthetic 
method of Reaction Scheme I above using the fidllowing general method. 

The 4-am]no-lH-imidazo[4,5-c]quinolin-l-yl alcohol ^5 mg) was placed in a 2 
20 dram (7.4 xnL) vial. Sodium hydride (1.2 eq of 60% in mineral oil) and N,N- 

dimeAylfonnai^ide (1 mL) were added. The vial was placed on a sonicator for about 15 
to 30 minutes at ambient temperature to allow the alkoxide to form. The halide (1 2 eq) 
was added and the vial was placed back on the sonicator for about 15 to 120 minutes at 
ambient temperature. The reaction mixture was analyzed by LC/MS to confirm the 
25 formation of the desired product The reaction mixture was purified by semi-preparative 
HPLC. The semi-prep HPLC fractions were analyzed by LC-APCI/MS and Ae 
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appropriate fractions were combined and lyophilized to provide the trifluoroacetate salt of 
the desired product, which was confirmed by accmte mass and NMR spectroscopy. 
The table below shows the structure of the free base, the theoretical mass (IM), and the 
measured mass (MM) or nominal mass (NM). 



Example 
# 



Structure of the Free Base 



Purification 
Metiiod 



Mass Measurement 
(Da.) 



22 




N 



TM= 326.1743 
MM » 326.1739 



23 




1M= 392.1 597 
MM- 392.1584 



24 




TM=450.1281 
MM =-450.1285 



25 




V 




a 



TM- 422.0968 
MM » 422.0966 
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Example 
# 


Structure of the Free Base 


Purification 
Method 


Mass Measuiement 
(Da.) 


26 


11 

0 


A 


TM= 364 
NM[M+H]**=365 



Example 27 

l-{2-Methyl-l-[(pyrid-2-yloxy)methyllpropyl}-l^r-imidazo[4,^^^ 



trifiuoToacetate 

NH, ■ - 




Using the general method of Examples 22 - 26 above, 2-(4-amino-l^f- 
imidazo[4,5-c]quinolin-l-yl)-3-methylbutan-l-ol was reacted wi& 2- 
(trifluoromethylsulfonyloxy)pyridine and the crude product purified via semi-preparative 
HPLC using Method A to provide l.{2-methyM-[(pyrid-2-yloxy)methyl]propyl}-l/f- 
imidazo[4,5-clquinoline-4-amine as the trifluoroacetate salt TM = 347.1746, MM = 
347.1740 
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Example 28 

l-{l-[(pyrid-2-yloxy)methyllpropyl}-l/f-imida2o[4,5-c]qum^ 




trifluoroacetate 



5 



Using the general med&od of Examples 22 - 26 above 2-<4-ammo-lH-imidazo[4,S- 



c]qiiinoIm-l-yI)-3-metfaylbutaQ-l-ol was reacted witii 2- 

(trifluoiometlQrlsulfonyloxy)pyridine and the crude product purified via semi-preparative 
HPLC using Method B to provide l-{l-[(pyrid-2.yloxy)meth}d]piopyl}-l^.imidazoK^^ 
c]quinoline-4-amine as die trifluoroacetate salt TM = 333.1590, MM « 333,1598 



A 1 mL portion of a solution prepared by dissolving 0.5 g of l-(4-amino-l^- 
inudazo[4,5-c]quinolin-l-yl)propan-2<^l inNJ4-dimethyU^ (20 mL) was added 

to a 2 dram (7.4 mL) glass vial containing 2-hydroxycarbazole (38 mg, 2 eq.). 
20 Triphenylphosphine (54 mg, 2 eq.) dissolved in N,N-dimed^lformamide (1 mL) was 
added to the viaL The resulting slurry was sonicated to dissolve the phenol. Diethyl 



10 



Example 29 

1 -[2-(9Jy-carbazol-3-yiaxy)propyl]-Lfir-imidazo[4,5-c]q^ 

trifluoroacetate 



15 
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azidocarboxylate (36 mg, 2 cq.) was added neat The reaction mixture was sonicated for 
about 30 minutes and then shaken overnight at ambient temperature. The solvent was 
removed and the residue was purified by semi-preparative HPLC using Me&od A. The 
compound was provided as the trifluoroacetate salt TM - 407, NM[M + Hf ^ = 408. 

5 

Example 30 

l-{2-[(3-Wen-2-ylprop-2-ynyl)oxy]etityl}-lff-inuda2»[4,5-c]^ 

NH, 




PaitA 

10 Using the general method of Example 1 Part B, 2-(l^r-imidazo[4,5-c]quinolm-l- 

yl)ethyl (2-propynyl) ether was oxidized to provide 67.5 g of l-[2-(2-propynyloxy)cthyl]- 
l//-imidazo[4,5-c]quinoline-5N-oxide as a tan solid. 
MS (CI) for C1JH14N3O2 m/z 268 (MH*), 252, 214. 
PartB 

1 5 A dried roimd bottom flask was charged with a stir bar, l-[2-(2- 

propynyloxy)ethyl]-lfr-imida2o[4,5-c]quinoline-5N-oxide (57.5 g, 215.1 mmol), 
anhydrous toluene (200 mL) and anhydrous dimethyl foimamide (400 mL) under a 
nitrogen atmosphere. Phosphorus oxychloride (23 mL, 247.4 mmol) was added dropwisc 
over 20 minutes to this mixture leading to a modest exotfaenn(~ 40 Thereaction 

20 was judged complete after 1 .25 hours at ambient temperature. The volatiles were removed 
under reduced pressure and the resulting solid was partitioned between chloroform and 
10% aqueous sodium caibonate. The aqueous layer was extracted with chloroform; die 
organic fractions were combined, dried with anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The resulting brown solid was dried at 60 ^C, under 
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vacuum, for 4 hours to obtain 36.6 g of 4-chloro-l-P-(piop-2-ynyloxy)efliyl]-lif- 

iniida2o[4,5-c]qumolme as a powder. 

MS (CI) for CisHiiCHNaO miz 286 (MH*). 246, 204. 

Parte 

5 A dried round bottom flask was charged with a stir bar, sodium hydride (8. 1 5 g, 

203.9 mmol) and anhydrous 2-metfaoxyle%l ether (diglyme, 100 mL) while under a 
nitrogen atmosphere and at ambient tBnq)erature. Phenol (20.7 g, 220.2 mmol) was added 
in several portions as a solid and the resulting solution stirred under a nitrogen atmosphere 
until gas evolution ceased. 4-chloro-l-[2-^rop-2-ynyloxy)etiiyl]-l/f-imidazo[4,S- 

10 c]quinoline (46.6 g, 163.1 mmol) was added neat and the solution was heated to 1 10 °C. 
After 15.S hours, a preformed solution of sodium phenoxide phenol 5 g, 53.1 mmol axxl 
sodium hydride 1.91 g, 47.8 mmol) in diglyme (20 mL) was added to the reaction solution 
and heating was increased to 165 The reaction was judged complete after 1 hour at 
1 65 After cooling to less than 70 the volatiles were removed under reduced 

15 pressure and the resulting brown solid was partitioned between chloroform and saturated 
aqueous sodium carbonate. The aqueous fraction was extracted widi chloroform; tiie 
combined organic fractions were dried witii anhydrous magnesium sulfate, filtered and 
then concentrated under reduced pressure to provide a brown solid The solid was 
recrystallized from acetonitrile witii a small amount of dimethyl formamide to provide 25 

20 g of 4-phcnoxy-l-[2-(prop-2-ynyloxy)efliyl]-l/r-imidazo[4,5-c]quinoline as a crystalline 
solid. 

MS (CI) for C21H17N3O2 mIz 344 (MH*), 306, 288. 
PaitD 

Using the general method of Example 3 Part A, 4-pheno3^-l-[2-^rop-2* 
25 ynyloxy)ethyl]-lH-imidazo[4,5-c]qumoline (10 g, 29.4 mmol) was reacted with 2- 
iodolhiophene (3.6 mL, 32.3 mmol). The glassy solid obtained from purification by 
chromatography over siUca gel (98/2 dichlorometibaneAnethanoI) was triturated wi& ether 
to provide 5.3 g of 4-phenoxy-l-{2-[(3-fiiien-3-ylprop-2-ynyl)oxylethyl}-l/f-imidazo[4,5- 
c]quinoline as a gray powder. 
30 MS (CI) for C25H19NJO2S mIz 426 (MH*). 306, 288. 
PartE 
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4-Phenoxy-l-{2-[(3-tbienO-ylprop-2-ynyl)oxy]ethyl}-l//^-imidaM 
(3.2 g, 7.52 nmol) and ammonium acetate (32 g, 415 nunol) were melted togeOer in a 
dried round bottom heated to 1 50 under a nitrogen atmosphere. After 2 hrs additional 
ammonium acetate (10 g, 129 mmol) was added. The reaction was judged complete after 

5 a total of 4 hours. The melted solids were cooled to ambient temperature and basified with 
IN aqueous potassium hydroxide to a pH of-13. Hxe aqueous mixture was extracted with 
dichloromethane (3x); the combmed organic fractions were washed wiUi brine, dried over 
anhydrous magnesium sul&te, filtered and dien concentrated under reduced pressure. The 
resulting soUd was purified by chromatography over silica gel (98/2 

10 dichloromethane/methanol), then triturated with ether to provide 0.8 12 g of 1- {2-[(3-thicn- 
2-ylprop-2-ynyl)oxy]ethyl}-lH-imida2o[4,5-clquinolin-4-amine as a white powder, mp. 

148-150 ^C. 

Analysis. Calculated for C19H16N4OS: %C. 65.50; %H, 4.63; %N, 16.08. Found: %C, 
65.42; %H, 4.65; %N, 16.11 . , 

15 *H NMR (300 MHz, DMSO) 5 8.16 (s, 1 H), 8.1 1 (d, J = 6.8 Hz. 1 H). 7.60 (m, 2 H), 7.43 
(t. J = 6.8 Hz, 1 H), 7.20-7.25 (m, 2 H), 7.04 (dd, J = 4.9. 3.9 Hz, 1 H), 6.58 (s, 2 H), 4.84 
(t, J = 5,4, 2 H), 4.41 (s, 2 H). 3.99 (t, J - 5.4, 2 H) 
MS (CI) for Ci9Hi6N40S m/z 349 (MH*), 229, 185. 

20 Example 31 



l-{2-t(l-methyH/f"indol-2-yl)methoxy]ethyl}- 
L//-imidazo[4,5-c]quinolin-4-amin6 





P 



Part A 
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Using the general method of Example 30 Part D, 4-phenoxy-l-[2-(prop-2- 
ynyIoxy)ethyl]-lH^imida2o[4,5-c]quuioline (3,16 g, 9.20 mmol) was reacted with 2-iodo- 
N,N-dnnethylaniline (2.5 g, 10.1 mmol) to provide a 1.0 g of l-{2-[(l-methyl-l//-mdol- 
2-yl)mcthoxy]cthyl}-4-phenoxy-lii^imida2o[4,5-c]quinoline as a pale yellow crystalline 
S solid. 

MS (CI) for C18H24N4O2 m/z 449 (MH*), 306. 186. 
PaitB 

l-{2-[(l-Methyl-lff-indol-2-yl)methoxy]c%I}-4-phenoxy-lH^^ 
c]quinoltDe (0.78 g, 1 .74 mmol) was partially converted to the desired product by 

10 exposuietoaxnmonia,(7%mmedsaooI,20mL)forS2hoi]rsat 160**Cin abomb. The 
volatiles were removed mider reduced pressure and die material was reacted with more 
aimnonia (7% in methanol, 20 mL) for 80 hours at 160 X to completely consume the 
starting material. The solid was removed by filtration and the filtrate was concentrated 
under reduced vacuum. The resulting material was purified by chromatography, over sflica 

IS gel (9/1 dichlorometbane/methanol). The resulting solid was recrystallized from dimethyl 
fonnamide to provide 0.121 g of l-{2-[(l-methyH/f-indol-2-yl)methoxy]efliyl}-lH. 
imidazo[4,5-c]quinolin-4-aniine as white, fiat crystals, m.p. 243-245 °C. 
Analysis. Calculated for C22H21N5O • (CsHtOI^jo: %C, 70.50; %H, 5,81; %N, 18.75. 
Found: %C, 70.72; %H, 5.70; %N, 1836 

20 *H NMR (300 MHz, DMSO) 6 8.13 (s, 1 H), 8.05 (d, J = 8.3 Hz. 1 H), 7.60 (d, J = 9.3, 1 
H), 7.36-7.47 (m, 3 H), 7.10-7.20 (m. 2 H), 6.98 (t, J = 73 Hz, 1 H), 6.58 (brs, 2 H), 636 
(s, 1 H), 4.82 (t. J = 4.9, 2 H), 4.64 (s. 2 H), 3.92 (t, J = 4.9, 2 H), 3.52 (s, 3 H) 
MS (CI) for C22H21N5O m/2 372 (NIH*), 229, 144. 
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Example 32 

l-[2-(3-tbien-2-y^opoxy)ethyl]-l/^imidazo[4,5-c]quinolm-4-an^ 




PaitA 

5 A dried round bottom flask was charged wi^ a stir bar» 2-(I/f-imidazo[4,S- 

c]qiimolin-l-yl)etiiyl (2-propynyl) ether (1 1.78 g, 46.88 mmol), anhydrous triefliylamine 
(14 mL, 121.9 mmol), 2*iodothiophene (5 J mL, 51.57 mmp^ and anhydrous dimethyl 
fonnamide(l 30 mL) under a nitrogen atmosphere and heated to 80 ^C. After 5 minutes 
dichloiobis(triphenylphosphine)palladium(II) (0.658 g, 0.937 mol) and coppei(I) iodide 

10 (0.357 g, 1.875 mmol) were added neat to the solution. Hie reaction was judged complete 
after 50 minutes. The volatiles were removed under reduced pressure and die resulting 
solid partitioned between dichloromethane and 0.5N aqueous potassium hydroxide. The 
aqueous fraction was extracted with dichloromethane (3x); the combined organic fiactions 
were dried with anhydrous magnesium sulfate, filtered and concentrated under reduced 

1 5 pressure to provide a brown solid. The glassy solid obtained ftom purification by 

chromatography over silica gel (98/2 dichloromethane/methanol) was triturated widi ether 
to provide 9,5 g of l-{2-[(3-thien-2-ylprop-2-ynyl)oxy]ethyl}-lf^inudazo[4,5-c]quinol^^ 
as a tan solid. 

MS (d) for C19H15N3OS m/z 334 (NfH*), 290, 214. 
20 PaitB 

Using die general method of Example 3 Part B, l-{2-((3-thieii-2-y^rop-2- 
ynyl)oxy]e1byl}-l/f-imidazo[4,5-c]quinoline (9.5 g, 28.49 mmol) was reduced widi 
palladium on carbon (10%, 1 g) in methanol (25 mL) to provide 9.1 g of l-[2-(3-thien-2- 
ylpropoxy)ethyl]-lJ7*nnidazo[4,5-c]qutnoIine as a brown oil. 
25 MS (CI) for Ci9H,9N30S m/z 338 (MH*), 214. 
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Parte 

Using the general me&od of Example 1 Fait B, U[2-(3-fhien-2-ylptopoxy)ethyI]- 
lH-unida2o[4,5-c]quinoline was oxidized to provide 4.4 g of l-[2-(3-thien-2- 
ylpropoxy)ethyl]-l/f-imidazo[4,5-c]quinoline-5N-oxide as an uqnirified tan solid 
5 MS (CI) for C19H19N3O2S m/z 354 (MH*), 338. 214. 
PartD 

Using tiie general method of Example 1 Part C, l-[2-(3-tfuen-2-ylpropoxy)ethyl]- 
lif-iniida2o(4,5-c]quinoline-5N-oxide (4,4 g, 12,45 mmol) was reacted with 
tiichloroacetyl isocyanate (L8 mL, 14.9 mmol) to provide 2,2,2-trichloro-iV^{l-[2-(3- 
10 fhien-2-ylpropoxy)ethyl]-l/f-imidazo[4,5-clquinolin-4-yl}acetamide as an uiq>urified 
glassy solid. 
PartE 

A dried romid bottom flask was charged with a stir bar, 2;Z.2-trichloro-//-{l-[2-(3- 

ftien-2-yIpropoxy)ethyI]-l/r-imida2o[4.5-<:]quinolin^ and sodium 

IS methoxide (25% in methanol, 1 1 mL» 49.8 mmol) at ambient temperature. The reaction 

was judged complete af%er 30 hours. The volatiles were removed under reduced pressure. 

The resulting oil was purified with chromatography over silica gel (95/5 

dichloromethane/methanol), semi-preparative HPLC using method A, and recrystallization 

from ethyl acetate/hexane to provide 43 mg of l-[2-(3-tfaien-2-ylpropoxy)ethyl]-lJY- 
20 imidazo[4,5-c]quinolin-4-aniine as a white crystalline solid, m,p. 130.1-131,6 ^'C. 

Analysis. Calculated for C19H20N4OS • (H20)ojo:%C, 63.77; %H, 5.80; %N, 15.66. 

Found: %C. 63.84; %H, 5.79; %N, 15.57 

NMR (300 MHz. DMSO) 8 8.16 (s, 1 H), 8.12 (d, J = 8.3 Hz, 1 H), 7.62 (d. J = 8.3 Hz, 

1 H). 7.43 (t, J = 73 Hz, 1 H), 7^50-7.26 (m. 2 H), 6.84 (dd. J « 4.9, 3.4 Hz, 1 H), 6,62 (d, 
25 J = 2.4 Hz, 1 H) 6.58 (s, 2H), 4.79 (t. J» 5.4 Hz, 2 H). 3.83 (t. J = 5.4 Hz. 2 H), 335 (t, J 

= 6.4, 2 K), 2.64 (^ J « 7.8 Hz, 2 H). 1.69 (p. J = 6.8. 6,3 Hz, 2 H). 

MS (CI) fin C19H20N4OS m/z 353 (MH^, 21 1, 185. 
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Example 33 

l-[2-{3-Pyridin-3-ylpropoxy)e%l]4H-imidazo[4^-c]qttmolii»-4^^ 




^"^^ Under a nitrogm atmosphere, a solution of 2-aminobenzoic acid (100.0 g, 0.73 
moO in acetic anhydride (400 ml, 42 mol) was heated to reflux for 2 hours. The reaction 
was cooled to room temperature and the solvent was removed in vacuo. The residue was 

10 dissolved in glacial acetic acid (500 ml) and NaNj (49.77 g. 0.77 mol) was added. The 
mixture was stirred overnight at room temperature foUowed by concentration of the acetic 
acid in vacuo. The residue was dissolved in 10% NaOH (500 ml) sohition and heated to 
reflux for 3 .5 hours . The reaction was cooled to room temperature and then poured over a 
mixture of ice water (2 L) and HO (150 ml). A white soUd precipitated and was collected 

15 by vacunm filtration. The soUd was dried 6. vacuo to yield 130.5 g of 2-(5-me«hyHH. 

tetrazoi-l-y1)benz(»c acid. 

'H NMR (300 MHz, mOSO-dt) 5 8.12 (d. J - 7i Hz. IH). 7.91-7.78 (m. 2H). 7.72 (d. J = 

7.4Hz,lH),2.37(8,3H); 
MS (CI) m/e 205 (^St), 162 (M -Nj). 
20 PartB 

Underamtrogenatmosphere.2-(5-mcthyHi/-tetrazol-l-yl)benzoic acid (89.7 g. 
0.44 mol) was dissolved in acetone (1 L) and cesium carbonate (214.7 g, 0.66 mol) was 
added with vigorous stirring. Ethyl iodide (70.3 ml. 0.88 mol) was added diopwise and the 
reaction was heated to reflux for 4 hours. The reaction was cooled to room temperature 
25 and filtered. The acetone was removed in vacuo to yield ayeUow soUd which was 

dissolved in dichloromethane (800 ml) and washed wifli saturated sodium bicarbonate 
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(200 ml). The organic fraction was dried (Na2S04), filtered, and concentrated to yield 
92.7 g of ethyl 2-(5-methyl-l//-tetrazoM-yl)benzoate as a light yellow solid 

NMR (300 MHz, DMSO^) S 8. 14 (d, J = 7.8 Hz. IH), 7.89 (m, 2H), 7,79 (d, J = 7,9 
Hz. IH). 4.08 (q, J = 7.4 Hz, 2H). 2.40 (s, 3H), 1.04 (t, J = 6.9 Hz. 3H); 
5 MS(CI)ni/e233(MH*), 159. 
Parte 

Under a nitrogen atmosphere, ethyl 2-(5-methyl-l/f-tetrazoH-yl)benzoate (92.7 g, 
0.34 mol) was dissolved in N,N-dimethylfomiamide (600ml) and the solution was chiDed 
in an ice water bath. Potassium ethoxide (67.2 g, 0.80 mol) was added slowly to the 

10 solution. After a few miriutes, the ice water bath was removed and flie reaction was stirred 
at room temperature for 3 hours. The reaction was treated with 100 ml of water and 
approximately 300-400 ml of solvent was removed in vacuo. The remainder of the 
reaction was poured over a solution of glacial acetic acid (125 ml) m ice water (2 L). A 
precipitate formed and the mixture was diluted widi additional water (3 L). The solid was 

15 collected by vacuum filtration to yield 6325 g of tetrazolo[l,5-a]quino]in-5-ol as a yellow 
solid. 

^H-NMR (300 MHz. DMSO-dfi) 8 8.54 (d. J = 8.4 Hz. IH). 8.27 (d. J » 8.1 Hz, IH), 7.99 
(t, J = 7.4 Hz, IH), 7.80 (t, J = 7.2 Hz, IH), 7.04 (s, IH); 
MS (CI) m/e 1 87 (MH*), 159. 
20 PartD 

Tetrazolo[l,5^]quino]in-5-ol (63.25 g, 0.34 mol) was added to glacial acetic acid 
(630 ml) to form a thick off white suspension. The mixture was vigorously stirred whOe 
nitric acid (23.6 ml, 9.37 mol, 70% solution) was slowly added. The reaction was then 
heated from 25 to 80 over a period of 15 minutes. A yeDow precipitate formed and the 
25 reaction was maintained at 80 *C for 5 minutes. The mixture was slowly cooled to 0 °C, 
The solid was collected by filtration and then dried in vacuo to yield 60,0 g of 4-nitro- 
tetrazolo[l,5-a]quinolin-5-ol as a yellow solid. 

'H-NMR (300 MHz, DMSO-d6) 8 8.35 (d, J = 3.9 Hz, IH); 8.32 (d, J = 3.2 Hz, IH), 7.90 
(t. J « 7.3 Hz, IH), 7.68 (t, J = 8.2 Hz. IH); 
30 MS (d) m/e 232 (MH*), 204. 
Parts 

Under a nitrogen atmosphere, POQa (16.42 ml, 0.17 mol) was slowly added to a 
chilled (0 "C) flask containing N,N-dimethylformamide (100 ml). The resulting solution 
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was slowly wanned to room temperature and then added dropwise to a suspension of 4- 
nitio-tetiazolo[l,5-a]quinolin-5-ol in N^-dimethylfonnamide (300 ml). The reaction was 
heated to 100 for 30 minutes. The orange/red solution was quenched by pouring over 1 
liter of ice water. A yellow precipitate formed and was collected by filtration, redissolved 

5 in chloroform (approx. 750 ml), dried (NaiSO^. filtered, and concentrated in vacuo to 
yield 33.74 g of 5-chloro-4-nitrotBtrazolo(l,5-fl]quinolinc as a yellow solid. 
'H NMR (300 MHz. DMS0-d6) 8 8.78 (d. J = 8.2 Hz, IH); 8,57 (d, J = 8.3 Hz, IH), 8.29- 
i22 (m, IH), 8.09-8.03 (m. IH); 
MS(CI)m/e250(MH*), 

10 PartF 

5-Chloro-4-nitrotetrazolo[l,5-a]quinoline (28.86 g, 0.11 mol), dichloromefliane 
(600 ml), and triethylamine (21.14 ml, 0.1 1 mol) were combined and the resulting 
solution was chilled to 0 "^C. 2-(3-Pyridin-3-ylpropoxy)ethylamine (22.9 g, 0.13 mol) was 
added dropwise. The reaction was allowed to slowly warm' to room temperature, ften 

15 stirred at zoom temperatme for 1 hour and finally at reflux fo^2 hours. The reaction was 
cooled to room temperature and tiien quenched with water (200 ml). The phases were 
separated and die aqueous layer was extracted with dichlorometfaane (3 x 50ml). The 
combined organic fiactions were washed with brine (100 ml), dried (NaiSO^, filtered and 
concentrated to yield a yellow solid. The solid was slurried in e&anol (150 ml) and 

20 filtered to provide 343 g of 4-nitro-N-[2-(3-pyridin-3-ylpropoxy)eaiyl]tetra2oIo(l,5- 
a]qumolin-5-amine. 

>H NMR (300 MHz. DMSO-d^) 8 10.27 (bs, IH), 8.69 (d, J = 8.3 Hz, IH), 8.54 (d, J - 
8.3 Hz, IH), 8.37 (bs, 2H). 8,08 (t, J = 7.7 Hz, IH). 7.81 (t. J = 7.2 Hz, IH), 7.57 (d. J = 
7.3 Hz. IH), 7.27 (dd, J = 7.9, 5.0 Hz, IH), 3.92 (m, 2H), 3.71 (t. J = 5.4 Hz. 2H). 3.47 (t. 
25 J = 6.0 Hz. 2H), 2.62 (t, J = 7.4 Hz, 2H), 1.82 (m. 2H); 
MS (CI) m/e 394 (MH*), 366. 
PartG 

4-Nitro-N-{2-(3-pyridin.3-ylpropoxy)cthyl]1etra2olo[1.5-fl]quinol^ 
g, 87.2 mmol) was added to a 3 liter stainless steel pressure flask containing edianol (1 .25 
30 L, absotate). Platinum on carbon (3.00 g, 5% w/w) was added and the flask was placed on 
a Parr hydrogenation apparatus. TTic reaction was shaken under 45 psi (3.15 Kg/cm^) of 
hydrogen for 24 houn. The catalyst was removed by filtration throu^ Celite^ and the 
Celite pad was washed wth several portions of ethanol. The filtrate was concentrated in 
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vocMO to provide 30.8 g of N^-[2-(3-p3^dm-3-ylpropoxy)e%l]tetrazolo[l,5-a]quinoline' 

4,5-diainme as an onmge/ied oil MS (CI) m/e 364 (MH*), 336. 

PartH 

Triethyl orthofonnate (21.liiil, 127imnol) was added to a solution of N*-[2-(3- 
5 pyridin-3-ylpropoxy)ethyl]tetrazolo[l,5Hz]quinoline-4,5-^^ (30.8 g, 84.7 mmol) in 

1^-dichloroethane (750 ml) and tiie reaction was heated to reflux for 3 hours. The reaction 

was cooled to room temperature and diluted widi saturated sodium hicarbonate (200 ml). 

The phases were separated and die aqueous layer was extracted with dichloromethane (3 

x75ml). The combined organic fractions were washed wife brine (200 ml), dried 
10 (S^iSOi) and concentrated to provide an orange solid. The solid was triturated with 

diethyl ether and then filtered to yield 28.7 g of 6-[2-(3-pyridin-3-ylpropoxy)e%l]-6«- 

imidazo[4,5-c]tetrazolo[l,5-a]quinoline as a tan/orange solid. 

'H-NNfR (300 MHz, CDQa) 8 8.71 (dd, J= 8.1, 1.3 Hz. IH), 8.38 (dd, J = 4.8, 1.5 Hz, 

IH), 8.30 (d, J - 2.1 Hz, IH), 820 (d, J = 7.7 Hz, IH), 8.07 (s. IH). 7.73 (m. 2H), 7.32 (dt. 
15 J « 7.8, 1.9 Hz, IH), 7.13 (dd, J » 7.7, 4.8 Hz. IH), 4.81 (t, J = 5.1 Hz, 2H). 3.96 (t, J = 5.1 

Hz. 2H), 3.42 (t, J = 6.2 Hz, 2H), 2.52 (t, J = 7.5 Hz. 2H), 1.82-1.74 (m. 2H); 

NfS(CI)m/e374(MH*). 

Parti 

Triphenylphosphine (27 .Og, 1 l5mmol) was added to a solution of 6-[2-(3-pyridin- 
20 3-ylpropoxy)cthyl]-6/f-imidazo[4,5-c]tetrazolo[l ,5-a]quinoline (28.7 g, 76.9 mmol) in 
1,2-dichlorobcnzene (1 L). The reaction was heated at reflux temperature overnight The 
dark red solution was cooled to room temperature and treated with IN HCl (225 ml). A 
tan precipitate formed. The resulting mixture was concentrated in vacuo to yield a dark 
red/brown solid. This material was treated with 500 ml water and vigorously stirred. 
25 Excess triphenylphosphine and triphenylphosphine oxide formed as precipitates and were 
removed by vacuum filtration. The solid was washed with several portions of water 
followed by a final wash with dilute HQ (1 :S. IN HQiwater). The redA>rown filtrate was 
collected, washed with ether (3 x 1 50ml), and treated with 10% NaOH solution until the 
pHreached 12. The crude product formed as a ton precipitate and was collected by 
30 filtration. Purification of flie crude material was accomplished by treatment (2X) with 
activated charcoal (Darco-G60) in refluxing methanol. The charcoal was removed by 
filtration. The desired product formed as a precipitate during concentration of tiie filtrate. 



87 



wo 02/46193 



PCTAJSOl/46704 



The solid was collected by vacuum filtration washed with diethyl ether, and dried under 
vacuum to provide 17 g of I-[2-(3-pyridinO-ylpropoxy)eAyl]rlH-imidazo[4,5-c]quinolin- 
4-amine as a tan solid, ntp. 125.0-128.0 

'H NMR (300 MHz, DMS0-d6) 6 8.33 (d. J - 4.8 Hz, IH), 8.24 (s, IH), 8.18 (s. IH), 8.13 
5 (d, J = 7.7 Hz. IH), 7.63 (d, J = 8.4 Hz. IH). 7.45 (t. J = 6.8 Hz, IH). 7.33-7.21 (m. 2H). 
7.16 (dd, J = 7.7, 4.8 Hz. IH), 6.62 (s. 2H), 4.80 (t. J = 4.8 Hz. 2H). 3.82 (t, J = 4.9 Hz, 
2H), 330 (t, J « 6.3 Hz, 2H). 2.39 (t, J = 7.3 Hz, 2H). 1.64 (m. 2H); 
MS(CQm/e348 (MH^; 

Anal calcd for C2oH2iN50*0.08 SfcO: C, 68.89; H, 6.1 1; N. 20.09. Found: C, 68.49; H, 
10 5.95; N. 20.08. 

Example 34 

2-Me&yl-l-[2<3-pyridinO-ylpr<^xy)ethyl]-l/^imidazo[4,5-c]qui^^ 




15 



PaitA 

Under an atmosphere of nitrogen, N^-[2-(3-pyridin-3- 
ylptopoxy)e1hyl]tetra2olo[l,5-<xlquinoline-4,5-diamine (0.70 g. 1.92 xnmol) was dissolved 

20 in 1,2-dichIorocthane (15 ml). Tiiethyl orthoacctate (0.53 ml, 2.88 nmiol) was added via 
syringe and the toaction was heated to reflux for 3 hours. Analysis by thin layer 
chromatognphy (95/5 chlorofiarm/methanol) showed complete consumption of the 
diamine. The reaction was quenched by tfie addition of water (15 ml). The phases were 
separated and the aqueous fraction was extracted with dichloromethane (3x10 ml). The 

25 combmed organic fractions were washed wifli brine (15 ml), dried (Na2S04). filtered and 
concentrated in vacuo to yield 0.73 g of 5-methymS-[2-(3-pyridin-3-ylpropoxy)ethyl]-6H- 
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imidazo[4,5-^]tetrazolo[l,5-a]qumoliiie as a red oil. This material was used wi&out 
further purification. 
MS(CI)m/e388(M + H). 
Parts 

5 Under an atmosphere of nitrogen, 5-methyl-6-[2-(3-pyridin-3-ylpropoxy)c4tyl]- 

6/f-imidazo[4,S-c]tetrazolo[l,5*a]quinoline (0.73 g, 1.89 mmol) and triphenytphosphine 
(0.64 g, 2,84 mmol) were dissolved in 1,2-dichlorobenzene (15 ml). The reaction was 
heated at reflux for 18 hours. After cooling to ambient temperature, the solvent was 
removed in vacuo. The resulting residue was treated wifli IN HCl/water (30 ml) and 

10 vigorous stirring produced an off white suspension. The solid was removed by filtration 
leaving a yellow filtrate. The filtrate was treated with 10 % sodium hydroxide/water until 
pH 1 1 was reached. The filtrate was extracted with dichlorome&ane (3 x 25 ml). The 
combined organic fiactions were washed with brine (25 ml)» dried (Na2S04), filtered and 
concentrated in vocxio to yield an orange oil. The oil was dissolved in a minimum amount 

1 5 of dichlorometfaane and diluted widi ether to produce a precipxtate. The solid was 
recrystailized firam n-propyl acetate to yield 0.16 g of 2-metl^l-l-[2-(3-pyridm-3- 
ylpropoxy)ethyl]-lH-imidazo[4,5-c]quinoline-4-amine as a tan solid, nLp. 145.0-146.0. 
'H NMR (300 MHz, CDQs) 5 8.40 (d, J = 4.9 Hz, IIQ, 834 (d. J = 2.0 Hz, IH), 7.93 (d. J 
= 7.4 Hz, IH), 7.84 (d, J = 8.4 Hz, IH), 7.52 (t, J = 7.2 Hz, IH). 7.31 (t, J « 6.6 Hz, IH), 

20 7.22 (d, J = 7.8 Hz, IH), 7.09 (dd, J = 4.8, 7.8 Hz, IH), 5.46 (bs, 2H), 4.67 (t, J = 5.3 Hz, 
2H), 3.90 (t, J = 5.3 Hz, 2H), 3,34 (t, J = 6.2 Hz, 2H), 2.70 (s, 3H), 2.52 (t, J = 8.0 Hz, 
2H). 1.76(m,2H); 
MS(CI)m/e362(M + H); 

Anal calcd for C21H23N5O: C, 69.78; H, 6.41; N, 19.38. Found: C, 69.40; H, 6.38; N, 
25 19:00. 
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Example 35 

2-Butyl-U[2-(3i)yridin-3-ylim)poxy)ethyl]4H-iinida2o[4,5^^ 




5 

PaitA 

Under an atmosphere of nitrogen, N -[2-(3-pyridm-3- 
ylpropoxy)e%l]tetrazolo[l,5-^]quinoline-4,5-diaminc (2.48 g, 6.82 mmol) was dissolved 

10 in toluene (40 ml). Trimethyl orthovalerate (1.29 ml, 7,51 inmol) was added via syringe. 
A catalytic amomit of pyridine hydrochloride was added to the reaction and the flask was 
fitted wifli a Dean-Staric trap. The reaction was heated to reflux and the volatiles were 
collected m tiie trap. After 4 hours, the reaction was cooled to room temperature and 
quenched hy the addition of water (30 ml). The phases were separated and the aqueous 

1 5 phase was extracted with ethyl acetate (3x15 ml). The combined organic fractions were 
washed with brine (25 ml), dried (Na2S04). filtered and concentrated in vacuo to provide a 
red^rown oil. The material was purified by flash column chromatography (silica gel, 2/1 
to 95/5 ethyl acetate/bexane gradient) to yield 1.98 g of 2-butyl-6-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-6H-imtdazo[4,5K:]tetrazolo(l,5-a]quinoline as an orange oil. 

20 *H NMR (300 MHz, DMSO^) 8 8.53 (d, J - 8.2 Hz, 1 H), 8.41 (d. J « 7,9 Hz, 1 H). 8.37 
(d, J = 5.0 Hz, 1 H), 8J1 (d, J = 1,9 Hz, 1 H), 7.84 (d, J« 75 Hz. 1 H), 7.75 (t. J«7.5 Hz, 
I H). 7.48 (d, J = 7.9 Hz. 1 H), 7,23 (dd, J = 7.8. 4.9 Hz, 1 H), 3.63 (t, J = 5.0 Hz. 2 H). 
3.56 (t. J = 4.9 Hz. 2 H). 3.36 (t, J - 6.3 Hz, 2 H). 2.51 (m. 2H). 2.12 (t, J « 7.7 Hz. 2 H). 
1,73 (pcntet, J - 7.4 Hz, 2 H), 1.45 (pentet, J - 7.7 Hz, 2 H), 1.12 (m. 2 H), 0.68 (t. J = 7.4 

25 HZ.3H); 

MS(CI)m/c430C^ + H). 
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PaitB 

2-ButyW-(2<3-pyridin-3-ylpropoxy)e%l]^.im 

ajquinoline (1.98 g, 4.61 mmol) was treated foDowing the general procedure described in 

Example 35, ReciystaUization ftom isopropyl alcohol gave 1.09 g of 2-bufyH-[2-(3- 

5 pyridin-3-ylpropoxy)cthyl]-l/r.muda2o[4,5H5]qum^^^ as a beige soUd. 

NMR (300 MHz. DMSCM«) S 8.33 (d, J = 4.3 Hz, 1 H), 8.24 (s. 1 H). 8.08 (d. J « 8.7 

Hz. 1 H). 7.61 (d, J = 8,0 Hz. 1 H), 7.41 (t. J = 7.7 Hz. 1 H). 7.30 - 7.20 (m, 2 H). 7.15 

(dd, J = 7.4, 4.8 Hz. 1 H), 6.44 (bs, 2 H). 4.74 (t. J = 5,4 Hz, 2 H). 3.82 (t. J - 5.3 Hz. 2 H). 

3.27 (t. J = 5.9 Hz. 2 H), 2.97 (t. J= 7.4 Hz. 2 H). 2.41 (t, J « 7.5 Hz, 2 H). 1.84 (pentet, J 

10 =7.4Hz,2H),l.64(pentet.J = 7.2Hz,2H),1.46(m.2H),0.95(t.J = 7.3Hz,3H); 
MS(CI)m/e404(M + H); 

Anal calcd for C24H29N5O: C. 71.44; H, 724; N, 17.36. Found: C. 71.23; H, 6.98; N, 
17.05. 

15 ... 

Example 36 

2«<2-Metho)cyethyl)-l.[2-<3-pyiidjn-3-y^m>poxy)ctl^ 
imidazo[4.5-c]quinolizi-4-8mine 



20 




PaxtA 

Under a nitrogen atmosphere, N5-[2-(3-pyridin-3-yIpiopoxy)eftyl]tetraa2olo[l,5- 
a]quinolinc-4,5-diamine (2.48 g, 6.82 mmol), 1,2-dichloroeflianc (30 ml), and 
triediylamine (1 . 14 ml, 8.2 mmol) were combined and the resulting sohition was chilled in 



91 



VfO 02/46193 



PCTAJSOl/46704 



an ice water bath. 3-inethoxypropionyl chloride (0.92 g, 7.5 nunol) was added dropwise 
to Ac solution. The cooling bath was removed and the reaction was stixred for an 
additional 1 8 houcs. The solution was quenched by die addition of water (30 ml). The 
phases were separated and the aqueous phase was extracted wiA dichloromethane (2 x 15 
5 ml). The combined organic fractions were washed Mdtti brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield 3.16 g of an orange synip. LCMS analysis of the crude 
product showed a mbctuxe of mono- and di-acylated product The material was used 
wiAout further purification. 
Parts 

10 Under a nitrogen atmosphere, the product from part A (3.16 g), toluene (40 ml), 

and pyridine hydrochloride (50 mg, 0.4 mmol) were combined and ttie resulting mixture 
was heated at reflux temperature for 4 hours. The volatiles were collected in a Dean-Stark 
trap. The reaction was cooled to ambient temperature and then diluted with water (30 ml). 
The phases were separated and tiie aqueous phase was extracted with dichlorometfaane (3. 

15 X 20 ml). The combined organic extracts were washed with brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield an orange foam. Tl» material was purified by column 
chromatography (siUca gel. 99:1 CHa3:MeOH gradient to 9:1) and then recrystallized 
from 2-propanol to yield 0.35 g of 5-(2-methoxyefhyl)-6-[2-{3-pyridin-3- 
ylpropoxy)e&yl]-6H-inudazo[4^-c]tetraazolo[l,5-a]quinoline as a beige soUd. 

20 Parte 

5-(2-methoxyethyl)-6.-t2-(3-pyridin-3-ylpropoxy)cihyI]-6/^i^^ 
c]tetiaazolo[l,5-a]quinolinc (0.35 g, 0.80 mmol) was treated with triphcnylphosphine 
(0.28 g, 1 .20 mmol) using die general procedure described in Part B of example 35. The 
crude product was crystallized from ether to yield 90 mg of 2-(2-methoxyethyI)-l-[2-(3- 
25 pyridin-3-ylpropoxy)cthyl]-l/^iinidazo[4,5-clquinolin-4-amiM as off-white crystals. 

*H NMR (300 MHz, CDCh) 5 8.39 (ddi J = 4.8, 1.5 Hz. 1 H), 8.33 (d, J = 1.8 Hz, 1 H), 
7.94 (d, J = 7.4 Hz. 1 H), 7.83 (d, J - 8.3 Hz. 1 H), 7.52-7.47 (m. 1 H), 732-7.21 (m, 2 H). 
7.09 (dd. J - 7.0, 4.8 Hz, 1 H), 5.59 (bs, 2 H), 4.74 (t, J « 5.4 Hz, 2 H). 3.90 (t, J » 6.6 Hz, 
2 H). 3.87 (t, J = 5.4 Hz, 2 H), 3.38 (s. 3 H), 3 J3 (t. J = 6. 1 Hz, 2 H), 3.28 (t, J - 6.6 Hz, 2 

30 H). 2.51 (t, J « 7.4 Hz, 2 H), 1 .81-1.71 (m, 2 H); 

"C NMR (75 MHz, CDQs) S 152.4, 151.6, 150.2, 147.8. 145.2, 137.1, 136.2, 133.7, 
127.7. 127.4, 123.6. 122.5, 120.0. 115.9, 712. 70.6, 69.6. 59.4, 46.1. 31.1, 29.6, 28.7; 
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MS(CI) m/e 406.2242 calcd for (406.2243 C23H28N5O2. M+H), 

Example 37 

2.me%l.l-[2^3-pyridin-3.ylpropoxy)e%l]-6J,8^^ 

c]quiiioliii-4-ainii]e 




10 

PartA 

A 200 mL round bottom flask was charged with 3-nitro-5,6,7,8- 
tetrahydn)qumolme.2,4Miiol (10 g, 0.048 mol.) and phosphorous oxychloride (100 mL, 
1.07 moL, 22 equivalents). The reaction mixture was heated to 80«C and maintained, with 

15 stirring for six hours. Tlie reaction was quenched by slowly adding die reaction mixture to 
water (1500 mL). The reaction mixture was extracted with dichlorometiiane (4 x 100 
mL), The dichloromethane fiactions were combined, dried over magnesium sul&te and 
concentrated to provide 2,4-dichlpro-3-mtro-5,6,7,8-tBtrahydroquinoline as a tan solid 
(10.6 g, 91%). m.p; 63-64»C,TLC (10%MeOH/CH2CL2, M^M). 

20 PartB 

A 200 ml round bottom flask was charged widi 2,4-dichloro-3-mtro-5,6,7,8- 
tetrahydroquinoline (10 g, 0.04 mol), triethylamine (6.1g, 0.06 mol, 1.5 equivalents) and 
anhydrous N,N-dimethylfonnamide (100 mL). To this solution was added 2-(3-pyridin-3- 
ylpropoxy)cthanamine (7.3 g, 0.04 mol). The reaction mixture was heated to 55^C and 
25 maintained ovemifijrt with stirring. The reaction was quenched by pouring into water 
(1000 mL). The reaction mature was then extracted with a 1 : 1 solution of hexane/ethyl 
acetate (4 x 200 mL), The organica were combined, washed with brine (300 mL) and 
concentrated to provide 2<Woro-3-nitro-JV-[2'<3-pyridm-3-ylpropoxy)ethyl>5,6,7,8 
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tetrahydroquinolin-4-amme as an orange symp (14.8 g, 94%). TLC (10% 

MeOH/CH2CL2, RfN).84). 

Parte 

A 200 xnL round bottom flask was charged with 60% sodium hydride (2-5 g, 0.06 

5 mol, 1.7 equivalents) and washed wiflihexane (50 mL). A solution of phenol (5.7 g, 0.06 
mol, 1 .6 equivalents) in diglyme (25 mL) was ttien slowly added to the sodium hydride. 
The reaction was maintained with stirring at room temperature for 1.5 houi^ To the 
phenol anion solution was slowly added a solution of 2-chIoro-3-mtro-A/'-[2-(3-pyridm-3- 
ylpropoxy)ethyl]-5,6,7,8-tetrahydroqumolin-4^t^^ (14.8 g, 0.04 mol) in diglyme (25 

10 mL). The stirred reaction mixture was healed to 60°C and mdntained ovemi^t The 

reaction was quenched by pouring onto ice (1000 mL). The product oiled out of solution. 
The mixture was extracted witii dichlorometiiane (4 xl 00 mL). The combined extracts 
were concentrated to dryness. The residue was taken up in 1:1 hexane/efliyl acetate (250 
mL) and washed with water (2 x 50 mL). The organic layer was concentrated to dryness. 

15 The residue was found to contain excess phenol. The phenol was removed by taking tiie 
residue up in dietiiyl ether (500 mL) and stirring over 10% sodium hydroxide (250 mL) 
overnight The layers were separated The eflier layer was concentrated to provide 3- 
mtro-2.phenoxy-Ar.[2K3-pyridin-3-ylpropoxy)etiiyn^^ 
as a pale orange synip (12.0 g. 71%). TLO(10% MeOH/CH2C12. Rf=0.58). 

20 PartD 

A 500 mL Pair bottle was charged witii a solution of 3-nitro-2-phenoxy-Ar-[2-(3- 
pyridin-3-ylpropoxy)ethyl]-5.6 J.8-tcttahydroquinolm-4-^ in toluene (150 mL) and 
5% Pt/C catalyst (1 .1 g), placed on Parr apparatus and charged witii hydrogen (-54 psi, 3.8 
Kg/cm^). The reaction was aUowcd to shake for 4 hours, at which time tiie reaction was 

25 monitored by HPLC. The reaction was not complete. An additional 1 .0 g 5% Pt/C 
catalyst was added to tfie Pan bottie, it was recharged wifli hydrogen and shaken 
overnight The reaction was tiien complete. The mixture was filtered tiirough CeUte and 
washed wifli toluene (500 mL). The filtrate waa concentrated to provide 2i>henoiQr-iV*-[2- 
(3-pyridin-3-ylpropoxy)efliyl]-5 A^8-tetrahydroquinol^^ as a yellow syrup 

30 ii2 & 74%). TLC (10% MeOH/CH2C12, Rf«0.48). Mass-spec M+l=419.2 
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PartE 

A 200 ml round bottom flask was charged with 2-phenoxy-A^-[2-(3-pyridiii-3- 
ylpropoxy)ethyl]-5,6 J,8-tetrahydroquinoline-3,4-diamme (4.1 g, 0.0098 mol.) and 
pyridine (40 mL) at room temperature. To this solution was slowly^ added acetyl chloride 
5 (0.8 g, O.Oll moL. 1.1 equivalents). The reaction was maintained wifli stirring at room 
temperature. After two hours tibe reaction was monitored and found to only contam the 
amide intermediate. The reaction niixture was dien heated to reflux and maintained 
overnight The reaction mixture was concentrated to provide a daifc amber syrup. The 
syrup was taken up in ethyl acetate (300 mL) and washed wifli water (2 x 100 mL). The 
10 ethyl acetate layer was concentrated to provide 2-methyl-4-pheno:^-l-[2-(3-pyridin-3- 
yIpropoxy)ediyl]-^ J,8.9-tetrahydro-l/f-imidazo[4,5-c]quinoline as an orange syrup (3.8 
g. 88%). TLC (10%MeOH/CH2C12, RjN).34). Mass-spec M+l-^43.2 
PartF 

A 200 ml round bottom flask was charged with 2-methyl-4-phenoxy-l-[2-(3- 

1 5 pyridm-3-ylpropoxy)ethyl]-6 J,8,9-tetrahydro-l/f-imidazo[4,5H:]quinol^^ (3.7 g, 0.0084 
mol.) and ammonium acetate (37 g, 0.48 mol, 57 equivalents) and then heated to 150**C 
Wiftin 20 minutes the reaction mixture was homogeneous. The reaction mixture was 
maintamcd with stirring at l5(fC overnight The reacticm was monitored after 24 houra 
and found to be incomplete. The reaction mixture was maintained over the weekend. The 

20 reaction mixture was cooled and tiien taken up m IN HQ (250 mL) and washed with 
diethyl ether (200 mL). The aqueous layer was then adjusted to pHl 1 with sodium 
hydroxide and extracted with dichloromethane (3 x 100 mL). Hie combined organics 
were concentrated to provide an orange syrup* The symp was purified by column 
chromatography (10% MeOH/CH2C12). The appropriate fractions were combined and 

25 concentrated to provide a pale orange symp. The syrup was found to be a mixture of the 
desired product and N-acetylated product The mixture was treated with refluxing IN HCl 
for 1 hour. The mixture was cooled, adjusted to pH 1 1 and tiien extracted with 
dichloromethane. The oiganics were concentrated to dryness. The residue was purified by 
column chromatography to provide 2-methyH-[2-(3-pyridin-3-ylpropoxy)ethyl]-6,7,8,9- 

30 tetFBhydro-lf^hnidazo[4,5-c]quinoIin-4-amine as a pale gold solid (0.07 g, 2%). TLC 
(10% MeOH/CH2C12 Rf=0.05). m.p. 140-141"C. 
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CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro human blood ceQsystm is iised to assess cytoldnem Activity 
is based on the measurement of interferon and tumor necrosis factor (a) (BFN and TNF, 
5 respectively) secreted into culture media as described by Testerman et al. In "Cytokine 
Induction by die Immunomodulators hniquimod and Journal of Leukocyte 

Biology, 58, 365-372 (September, 1995). 
B^o<yi Cell Preparation for Culture 

Whole blood from healttiy human donors is collected by venipuncture into EDTA 
10 vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated from whole 
blood by density gradient centriii^tion using Histopaque(S>-1077. The PBMCs are 
washed twice with Hank's Balanced Salts Solution and then arc suspended at 3-4 x 10* 
cclls/mL in RPMI complete. The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickinson Labware, Lincofai Park, 
1 5 NJ) containing an equal volume of RPMI complete media containing test compound. 
Compound P reparation 

The compounds are solubilized in dimediyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to flie culture 
wells 
20 Incubation 

The solution of test compound is added at 60 ^lM to the first well containing RPMI 
complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to the wells m an equal volume, bringing the test compound concentrations to the 
desired range (0.12 to 30 jiM). The IBnal concentration of PBMC suspension is 1.5-2 X 
25 10^ cells/mL The plates are covered with sterile plastic lids, mixed gently and then 
incubated for 18 to 24 hours at 3T*C m a 5% carbon dioxide atmosphere. 
Separation 

Following incubation the plates are centrifuged for 5-10 minutes at 1000 rpm 
('-200x^at4'<:. The cell-ftec culture supernatant is removed wiA a sterile 
30 polypropylene pipet and transferred to sterile polypropylene tubes. Sanq)les are 

mamtamed at -30 to -70''C until analysis. The samples are analyzed for interferon (a) and 
for tumor necrosis fiu^tor (a) by ELIS A. 
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Interferon (a^ an d Tumor Necrosis Factor (a\ Analy si s bv ELISA 

Interferon (a) concentration is determmed by ELISA using a Human Multi-Species 
kit from PEL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in 
pg/mL. 

5 Tumor necrosis factor (a) (TNF)concentration is detennincd using ELISA kits 

avaikblc from Gcnzyme, Cambridge, MA; R&D Systems, Mim 
Fharmingen. San Diego, CA. Results are expressed in pg/mL. 

The table below lists die lowest concentFation found to induce interferon and the 
10 lowest concentration found to induce tumor necrosis fictor for each compound. A 
indicates that no induction was seen at any of the tested concentrations; generally the 
highest tested concentration was 10 or 30 |iM. 



Cytoldneinduction in Human (^Hs 


Example 
Number 


Lowest Effective Concentration (pM) 


Interferon 


Tumor Necrosis Factor 


1 


0.12 


3.33 


2 


0.37 




3 


0.04 


* 


4 


3.33 


* 


5 


0.04 


0J7 


6 


0.12 


1.11 


7 


0.37 


* 


8 


0.04 


0.12 


9 


0.12 


3.33 


10 


l.U 


1. 11 


11 


l.ll 


0.04 


12 


1.11 


* 


13 


0.37 


Ul 


14 


0.12 


0J7 


15 


1.11 


3.33 
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Cytokine Induction in Human Cells 


Example 
Number 


Lowest Effective Concentration (jiM) 


Interferou 


Tumor Necrosis Factor 


16 


333 


10 


17 


0J7 


0.37 


18 


037 


10 


19 


0.12 


3.33 


20 


0.12 


3.33 


21 


1.11 


10 


22 


1.11 


10 


23 


1.11 


* 


24 


« 


• 


25 


10 


* 


26 


I.ll 


* 


27 


1.11 




29 


1.11 


* 


30 


0.37 


3.33 


31 


3.33 


3.33 


32 


0.01 


1.11 


33 


0.04 


0.12 


34 


0.01 


0.04 


35 


0.01 


0.12 
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WHAT IS CLAIMED IS: 

L A compoimd of the formula Q): 




(0 

wherein: X is -CHR3-, -CHRa-all^K or-CHRs-alkenyl-; 
Ri is selected from tbp group copsisting of. 
-heteroaiyl; 
-heterocyclyl; 
-RiT- heteroaiyl; and 
-R4-hetBiocyclyl; 
^ R2 is selected from the group consistmg of: 
-l^drogen; 
-alkyl; 
-alkenyl; 
-aiyl; 

-heteioaiyl; 
-heterocyclyl; 
-alkyl-Y-allqrl; 
25 -alkyl-Y-aBcenyl; 

-aDcyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
-OH; 

30 -halogen; 
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-N(R3)2; 
-CO-N(R3)2; 
■COCmo alkyl; 
-CO-O-Ci.ioalkyl; 
5 -N3; 

-heteroazyl; 
-heterocyclyl; 
-CO-axyl; and 
10 -CO-hetnoaxy^ 

R4 is alkyl or alkenyl, which may be intenupted by one or more -0- 
groups; 

each R3 is independently H or Cmo alkyl; 
15 each Vis independently -O- or -S(0)o.2-; 

nis0to4;and 

each R present is mdependendy selected from the group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof 



20 



30 



2. A compound or salt of claim 1 wherein Ri is -(CH2)a.3-heteroaryL 



3, A compound or salt of claim 2 wherein the heteroaryl is selected from the group 
consisting of 2-pyridyl, 3-pyridyl, 4.pyridyl, 2-tfiiazolyl, 2-pyrimidinyl, 4-pyrimidinyl, 4- 

25 triazolyl, 2-bcnzofuranyi, 2-indolyl, 3-caiba2olyl, 2-furanyl, 4-isoquinolinyl, 4-isoxazolyl, 
and4-pyrazDlyl 

4, A compound or salt of claim 1 wherein X is -CH(alkyl)(aIkyI>- wherein the alkyl 
groups can be die same or difGerent. 



5. A compound or sdt of claim 1 wherein X is -<3!r-CHr- 
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6, A compound or salt of claim 1 wherein X is -CH(C2H5)(CH2)-. 

7. A compound or salt of claim 1 wherein R2 is H. 

5 8, A compound or salt of claim 1 wherein R2 is alkyl. 

9. A compound or salt of claim 1 wherein Ri is -all^W)-«Ikyl. 

10. A compound of the formula (II) 

10 




wherefau X is -CHRj-, -CHR^-alkyl-, or -<mr alkenyl-; 

Rio is selected from the group consisting of heteroaryl and heterocyclyl; 
R3 is selected firom the group consisting of: 

-hydrogen; 

-alkyU 

-alkenyl; 

20 .aiyl; 

-heteroaiyl; 

-heterocyclyl; 

-alkyl-Y-alkyl; 

-alkyl-Y-alkenyt 
25 -alkyl-Y-aryl; and 

-alkyl or alkenyl substituted by one 01 more substituents selected 

from the group consisting o£ 
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-OH; 
-halogen; 

-CO-N(R3)2; 

5 -CO-C|.ioalkyl; 

-CO-O-Ci.|0 alkyl; 

-N3; 

-aiyl; 

-heteioaiyl; 

10 -heteiocyclyl; 

-CO-aryl; and 
-CO-lieteioaiyi; 

n is 0 to 4; 

each Rj is tndq>endently H or Clio alkyl; 
15 each Yisindependen:fly-0-or--S(0)o-2-;^d 

each R present is independently selected fiom fte group consisting of Cmo 
alkyi, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phannaceutically acceptable salt thereof. 

20 11. A compound or salt of claim 10 wherein Rio is selected from die group consisting 
of heteroaiyl and substituted heteroaiyl. 

12. A compound of claim 1 1 wherein the heteroaiyl is selected from die group 
consisting of 2-pyridyl, 3-pyridyl, 4-pyridyU 2-tfiiazolyl, 4-pyrazolyl, 3-fiiranyl, 2-diienyl, 

25 and2-pyrimidinyl. 

13. A compound or salt of claim 10 wherein X is -CH(aIkyl)(alkyl>-, wherein the 
alkyl groups can be the same or different 

30 14. A compound or salt of claim 10 v/bctein X is -CHr-CHj-. 

15. A compound or salt of claim 10 wherein X is -CHCCiHsXCHi)-. 
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16. A compound or salt of claim 10 wherein R2 is H, alkyl, or alkyl-O-aUcyl. 

17, A compound selected from the group consisting ofc 

5 

H2-{[3-(isoquinolin-4-yl)-2-ptopynyl]oxy}ethyl)4if-imida^ 
amine; 

H2-{l3-(l,3-tbiazol.2-yl>2-piopynyl]oxy}ethyl>lif-imidazo[4,^ 
amine; 

10 l-{2-[3-(l/M.pyiazolyl)propoxy]ethyl}-l^-imida2o[4,^^^ 
l-[2<3-pyiimidin-2-ylpropoxy)ethyll-lJf-imidazo[4,5-c]qui^ 
l-[2<3-pyridin-4-ylpiopoxy)e%l]-lfr.imida2o[4,5-c]qui^^ 
l-[2-(3-pyridin-2-ylpropoxy)ethyl]-lif-imidazo[4,5H:]quinolin-4-an^ 
l-{2-[3<13-thia2»l-2-yl)piopoxy]ethyl}-lfl^-imidazo[4,5-c]quinol^ 

i5 l-t2-<3-pyridin-3-ylpn>poxy)ethyl]-l/f-inudazo[4,5-^] 

l-[2-{3-pyrimidin-5-ylpropoxy)ethyl]-Lfr-imida2X)[4,5-c]qum 

l-{2-[(l-ben2yl-l//-lA3-triazol-4.yl)methoxy]ethyl}-l^.imidazo[^^^ 
c]quinoIine-4-amine; 

l-{2^(l-bcn2yl-l/f-lA3-tria2ol-5-yI)methoxy]ethyl}-l/^imidazo[^ 
20 c]quinoline-4-amine; 

l-[2-<{l.((phenybulfenyl)methyl]-W-lA3-tria2ol^ 

imidazo[4y5-c]qutnoline*4-amine; 

l-[2^{l-[(phenylsulfimyl)mctltyl]-l/r.i;2^-tria2ol-5-yl}^^ 

imidazo[4,5-c]quinoline-4-amiiie; 
25 1 -[2-(bcn2o[b]fiiM-2-ylmedioxy)ethyl]-lH-imidazo(4,5-c]quino 

l-[2-(pyridin-3-ylmcthoxy)e&yl]-l/f-imidazo[4,5'^]quinolin-4-amine; 

l-[2-{pyridin-2-yImethoxy)ethyl]4/f-imida2o[4,5-c]quinolin-4-amm^ 

I -[2Kpyridin-4-ylmethoxy)c%l]4H-imidazo[4,5Hr]quinolin-4-ami^ 

l-{2-[(3,5KiimethyUsoxazol-4-yl)methoxy]ethyl}-li/-imida2o[4 
30 amine; 

l-(2.{[3-(pyrimidin-2-yl)-2-propynyl]oxy}ethyl)-lH-imidazo[4,5^^ 
amine; 
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l-(2-{[3-(pyrid-4-yl>2-propynyl]oxy)ethyl)-lif-iinidazo[4^ 
l-{2-{[3-(fur-3-yl>2-propynyl]oxy}cthyl)-l/r-imidazo[4,5^^ 
4-(3-[2K4-ainmo-lH-ixmdazot4,5-c]quinolin4Tyl)eflio^^^ 
tiiiopheii-2-ylcaiboxaldeliyde; 
5 l-(2-{[3-(pyrid-2-yl)-2-i)iopynylloxy}c%l)-lH-imidazo[4,^ 
l-{2-me%l-l-[(pyrid-2-yloxy)mcthyllpropyl}-lH-im 
amine; 

1 - { 1 -[(pyrid-2-yloxy)methyl]propyl} -lH-imidazo[4,5-clquinoline-^ 
l-[2-(9H•K;aIbazol-3-yloxy)propyl]-l/^imidazo[4,5-c]qmnolin-4-aI^ 
10 l-{2-[(3-flucn.2-ylprop-2-ynyl)oxyle%l}4H-imidazo[4,5-c]quinol^^ 
l-{2-[(l-me%l-lH.indol-2-yl)mcthoxylethyl}-lfr-imida2o[^^ 
amine; 

1- [2-(3-thien-2-ylpropoxy)ethyl]-l^-imidazo[4,5-c]quinoU^ 

2- mcthyl-l-[2-(3.pyridin-3-ylpropoxy)cdiyl]-lif-imidazo[4^ 
15 2-bu^l-i-i;2K3-pyridin-3-ylpiopaxy)e1byli-l/rimid^ 

l-[2-<tetrahydiofuian-2-ylme^xy)propyl]-lH^ 
l-{2-[(5<Uoro-l-ben2ofliien-3-y0meflioxy]pnjpyl}-liy-imid^ 

amine; 

1- {2-[(3-nitropyridin-2-yl)oxy]propyl}-l/f-imidazoi;4^ 

20 l-(2-methyl-l-{[(3-mtiopyridin-2-yl)oxy]meAyl}propyl)-li^m^ 
c]quinolin-4'amine; 

Kl-{[(5-cIiIoro-l-benzothien-3-yI)methoxyJmethyI}-2-methylpi^ 
imidazo[4,5-c]quinolin-4-amine; 

2<2-methoxye&yl>l-[2-(3-pyridin-3-ylpropoxy)ethyl]-l/f-imid^ 

25 c]quinolin-4-aiiune; and 

2- methyl-l-[2<3-pyridin-3-yIpropoxy)ethyIl-<J,8,9-tBtrah^ 
c]qainolin-4-am]ne; 



or a pharmaceutically acceptable salt thereof. 



30 
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i 8. A compound of the fonnula (JH) 




10 



15 



20 



25 



wherein: X is -CHR3-, -CHRa-aDQrl-, or-CHRj-aDceiQrls 
Ri is selected from ttie group consisting o£ 

-heteioazyl; 

-hcterocyclyl; 

heteroaryl; and 

-R4-heterocyclyl; 
R2 is selected from &e group consisting of: 

-hydrogen; 

-an^l; 

-alkenyU 

-aiyl; 

4ieteioaiyl; 
-heteiocyclyl; 
-aDcyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 
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10 
15 

19. 

20 20. 

21. 



-CO-Cmo alkyl; 
-CO-0-Cj.io aUcyl; 

-aryl; 

-heteroaxyl; 
-heteiocycIyU 
-CO-aiyl; and 
-CO-hcteioaiyl; 



R4 is alkyl or aOcei^l, which may be internqsted by one or more -O- 
gioi^s; 

each R3 is independently H or C\,\q aBcyl; 
each Y is independently -O- or -S(0)(w-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Ci.io 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phaimaceutically acceptable salt thereof. 

A compound or salt of claim 18 wherein R2 is H or aflcyl. 

A compound or salt of claim 18 wherein R2 is -^Dcyl-O-aUqrl* 



Xis-CHR3-. -CHR3-alkyi-, or-CHRa-aDcenyl-; 

Rio is selected from the group consisting of heteroaiyl and heterocyclyl; 



A compound of the formula (IV): 
NH2 





X-0— (CHOmo— CSCRio 



(IV) 
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R2 is selected from die group consisting o£ 
-hydrogen; 
-alkyl; 
-alkenyl; 

5 -aryl; 

-heteioaiyl; 

-heterocyclyl; 

-alkyl-Y-dkyl; 

-allgrl-Y- alkenyl; 
10 -alkyl-Y-aiyUand 

-alJ^I or alkenyl substituted by one or niore substituents selected 

fix)m the group consisting ofi 
-OH; 
-halogen; 

15 ' -N(R3)2; 

^0-N(R3)2; 
-CO-Cmo alkyl; 
-CO-O-Ci.io alkyl; 
-N3; 

20 -«zyl; 

-heteroaiyU 
-heterocyclyl; 
. -CO-aiyl; and 
-CO-heteroaryl; 

25 each Ra is independently H or Cmq alkyl; 

each Y is independently -O- or -S(0)o.2-; 
n is 0 to 4; and 

each R present is independently selected &om the group consisting of Cmo 
alkyl, Cmo alkoxy^ hydroxy, halogen and trifluoromethyl; 
30 or a phannaceutically acceptable salt thereof. 
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22. A pharmaceutical compositioQ comprising a thexapeuticaDy effective amount of a 
compound or salt of claim 1 and a phannaceuticaUy acceptable earner. 

23. A pharmaceutical conqxsaition comprising a therq)eutically effective amount of a 
5 compound or salt of claim 10 and a pharmaceutically acceptable carder. 

24. A pharmaceutical conq)Osition comprising a therq)eutically effective amount of a 
compound or salt of claim 17 and a phannaceutically acceptable cazrier. 

10 25. A method of inducing cytokine biosynthesis in an animal conqmsing administering 
a dierapeutically effective amount of a compound or salt of claim 1 to the animal. 

26. The method of claim 25 wherein Ae cytokine is IFN-cu 

15 27. ' A method of inducing cytokine biosyntiiiesis in an animal comprising administering 
a therapeutically effective amount of a compound or salt of clahn 10 to tiie animal. 

28. The method ofclaim 27 wherein die cytokine is IFN-o. 

20 29. A method oftieating a vind disease in an axmal comprising administering a 
therapeuticaUy effective amount of a compoimd or salt of clahn 1 to the animal. 

30. A method of treattog a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 to the animal. 

25 

31. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 10 to die animaL 

32. A method of treating a neoplastic disease in an aninud comprising administering a 
30 therapeutically effective amount of a compound or salt of claim 10 to die animaL 



108 



wo 02/46193 



PCT/USOl/46704 



5 



33. A method of inducing cytokine biosynthesis in an animal comprising administering 
a theraputically effective amount of a compound or salt of claim 17 to the anwiai 

34. The me&od of claim 33 wherein the cytokine is IFN-cl 

35. A method of treating a viral disease in an animal comprising administering a 
flierapeutically effective amount of a compound or salt of claim 17 to the animal. 



36. A method of treating a neoplastic disease in an animal comprising administering a 
10 therapeutically effective amount of a compound or salt of claim 17 to the animal. 

37. A compound of die fomiula(V): 




X-O-R, 

15 (V) 

wherein: X is -CHR3-, -CHRj-alkyK or -CHRs-alkcnyl-; 
Ri is selected fiom Ifae group consisting ofi 
-heteroaryl; 
20 -hcterocyclyl; 

-R4- heteroaryl; 
-RHieterocyclyl; and 
-(CHOi-ktOC-Rio; 
R2 ia selected fiom the group consisting of: 
25 -hydrogen; 

-alkyU 

-alkenyl; 

-aiyl; 
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-heteroaryl; 
-heteiocyclyl; 
-aDcyl-Y-alkyl; 
-alkyl-Y-alkcnyt 
5 -alkyl-Y-aiyl; and 

- aO^l or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

10 -N(R3)2; 

-CO-N(R3)2; 
-CO-Ci-io aftyl; 
-CO-O-Ci-io alkyl; 

-Na; _ . - ^ 

15 -aiyl; 

-heteroazyl; 
-heterocyclyl; 
-COaiyUand 
-CO-heteroaiyt 

20 

R4 is alkyl or alkei^l, which may be mtBin^ted by one or more -O- 
groups; 

each Rj is independently H or Ci.io alkyl; 
Rio is hetoioaiyl or heterocyclyl; 
25 each Y is independently -O- or -S(0)o.2-; 

n is 0 to 4; and 

each R present is independently selected fiom the group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluorometfayl; 
or a phazmaceuticaUy acceptable salt ttereof . 

30 
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38. A compound of the fonnula (VI): 




wherein: X is -CHR3-. -CHRj-alkyl-, or ^HRa-alkenyls 
*~Ri is selected fiom tfae group consisting of: 
-heteioaiyl; 
-hetetocyclyl; 
rRrrheteroaiyl; 
-lU-lieterocyctyl; and 
-(CH2)i-io-CsC-Rio; 
Ri is selected fix>m the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heterbaiyl; 
-hetetocyclyl; 
-alkyl-Y-alkyU 
-allQfl-Y-alkeityl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
fiom the group consisting of. 

OH; 

-halogen; 

Ill 
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<:0-N(R3)i; 
-CO-Ci.ioalkyl; 
-CO-OCi.ioaO^l; 
-Na; 

5 -aiyl; 

-hetaxoai^ 
-heteiocyclyl; 
-CO-axyl; and 
-CO-heteroaiyl; 

10 R4 is alkyl or alkenyl, which may be intenupted by one or more -O- 

groups; 

each Ra is independently H or Ci.io alkyl; 
Rio is hcteroaiyl or heterocyclyl; 
each Y is independently -Or or -5(P)o-2-; 
IS ' n is 0 to 4; and 

each R present is independently selected fiom group consisting of Ci.io 
alkyU Cmo alkoxy, hydroxy, halogen and trifhiorome&yU 
or a phaimaceutically acceptable salt ttiereo£ 

20 39. A compound of the formula (Vm): 

N— (COOR7)2 




wherein: Xis-<aiRj-,<m3-alkj^-.or-CHR3-an^ 
25 Ri is selected fiom die group consisting of: 

-heteroaryl; 
-heterocyclyl; 
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*R4- heteioaxyl; and 
-R4-heteiocyc]yl; 
R2 is selected firoin die group consisting of: 
-hydrogen; 
5 -alkyl; 

-alkenyl; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 

10 -alkyl-Y-alkyl; 

-aOcyl-Y-alkenyl; 
-alkyl-Y-axyl; and 

- alkyl 01 alkenyl substituted by one or more substituents selected 
from the group consisting of: 
15 -OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Cmo alkyl; 
20 -CO-OCmo alkyl; 

-N3; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 

25 -CX>-aiyl; and 

-CO-beteroaiyl; 

R4 is aOcyl or alkenyl, which may be interrupted by one or more - 
groups; 

each Ba is independently H or Cmo alky^ 
30 each Y is independently -Q- or -S(0)(w-; 

n is 0 to 4; 
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each R present is independently selected Scorn the group consisting of Cmo 

aDcyl, Ci.io alkoxy, hydroxy, halogen and trifluoromethyl; and 

R7 is tert-hutyl or benzyl; 

or a phaimaceutically acceptable salt thereof. 

S 

40. Aconq)Oimdof ftefoinniIa(IX) 




(DO 

10' 

wherem: X is -CHR3-, -CHRa-alkyK or -CHRs-aDcenyl-; 
Ri is selected firom the group consisting of: 
-heteroaxyl; 
-heterocyclyl; 
15 -R^ heteioaiyl; and 

-Rrhetexocyclyl; 
R2 is selected fiom the group consistiz^ of: 
-hydrogen; 
^1; 

20 -aficenyU 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyUY-alkyl; 
25 -alkyl-Y-alkeayl; 

-aOcyl-Y-aiyl; and 
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- allcyl or alkenyl substituted by one or more substituents selected 
fiom the group consistmg of: 

-OH; 

-halogen; 

5 -N(R3)2; 

-CO-N(R3)2; 
-CO-Cmo alkyl; 
-CO-0-C|.ioaIlQrl; 
-N3; 

10 -aiyl; 

-heteroaiyl; 
-hetetocyclyl; 
-CO-aiyl; and 
-CO-beteroaiyl; . 

12 R4 is alkyl or alkenyl, which niay be inteniipted by one or more -O- 

groups; 

each Rs is independently H or Cmo alkyl; 
each Y is independently -O- or -5(0)o4-; 
n is 0 to 4; and 

20 each R present is independently selected from the group consisting of Cmo 

alkyl, Ci-io alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 

41 . A pbaimaceutical composition comprising a dieiapeutically effective amount of a 
25 compound or salt of claimlS and a pharmaceutically acceptable carrier. 

42. A method of inducing cytokine biosyndiesis in an animal comprising administering 
a flien^eutically efifective amount of a compound or salt of claim 18 to the animal. 

30 43. The method of claim 42 wherem the cytokine is IFN-o. 
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44. Amethodoftreatmga viral disease in an aiiimalcoinp 
dieiapeutically effective amount of a compound or salt of claim 18 to the animaL 

45. A method oftreating a neoplastic disease in an axiimalconqirisingadmm 
5 Ifaer^uticalfy effective amount of a compound or salt of claim 1 8 to the animaL 

46. A phannaceutica] composition comprising a fterapeutically effective amount of a 
compound or salt of claim 21 and a phaimaceutically acceptable carrier. 

10 47. A method of inducing cytokine biosynthesis in an animal comprising administering 
a tiieiapeutically effective amount of a compound or salt of claim 21 to the animal. 

48. The method ofclaim 47 wherein the cytokine is IFN-a. 

15 49. A me^uod of treating a viral disease in an anmud comprising admin^ 

therapeutically effective amount of a compound or salt of claim 21 to the animaL 

50. A me&od of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 21 to the animaL 

20 

51. A compound of the formula (Vn): 




(vn) 

wherein: ZiaNHsorNOi; 
25 X is -CHR3-, -CHRa-alkyK or -CHRj-alkenyl-; 

Ri is selected from the groiq> consistmg o£ 
-heteroaryl; 
-heterocyclyl; 
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-R4- heteroaryl; and 

-R4-heterocyclyl; 
R4 is alkyl or alkenyU which may be intemiptBd by one or more -O- 
groups; 

each Rj is independently H or Cuio alkyl; 
ni80to4;and 

each R present is independently selected from die group consisting of Cmq 
alkyl, Cmo alkoxy, hydroxy, halogoi and trifluoxomediyl; 
or a pharmaceutically acceptable salt diereof. 

52. A compound of the formula (XLIV): 




(XLIV) 



wherein: X is -CHR3-, -CHRa-alkyl-, or -CHRs-alkeiQrl.; 
Rt is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R4- heteroaxyl; and 
y -RHieterocyclyl; 
R2 is 5el«:ted from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aiyl; 

-heteroaryl; 

-heterocyclyl; 

-alkyl-Y-alkyl; 
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-aIkyl-Y-aIken>1; 
-alkyl-Y-aiyl; and 

- aDcyl or alkenyl substituted by one or more substituents selected 
from the groiq) consisting of: 
5 -OH; 

-halogen; 

-N(R3)2; 

<X)-N(R3)2; 

-CO-Ci.io all^l; 
10 -COO-Ci-ioalkyl; 

-N3; 

-aiyl; 

-heteioaryl; 
-hetcrocyclyl; 

15 ^O-aiyUmd 

-CO-heteroaiyl; 

R4 is aDcyl or alkenyl, which may be mtenupted by one or more -O- 
ffoups; 

each Ra is n&dependendy H or Cmq alkyl; 
20 each Y is independently -O- or --S(0)o4-; 

nisOto4;and 

each R present is independently selected from die group consisting of Ct.10 
alkyl, Cmo alkoxy, hydroxy, halogen and tiifluoromethyl; 
or a phaxmaceuticany acceptable salt tiiereo£ 

25 
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